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ABSTRACT 
The use of practical work in the teaching and learning of science has become a common 
practice globally. Despite calls from the Namibian National Curriculum for Basic 
Education for incorporating practical work during teaching and learning science, teachers 
in Oshikoto Region resort to conducting practical demonstrations due to contextual 
factors. In this study, the researcher investigated Namibian Physical Science teachers’ 
pedagogical orientations in orchestrating Grade 8 Chemistry demonstrations. The study 
is underpinned by the pedagogical content knowledge (PCK) as a theoretical framework 
and pedagogical orientation.  
This study followed a sequential explanatory mixed methods approach. Phase 1 involved 
gathering quantitative data by means of a questionnaire survey that was administered to 
87 Grade 8 Physical Science teachers from Oshikoto Region in Namibia. The 
questionnaire used in this study was adapted from an online survey in the United Kingdom 
administered by Durham University called “Practical Work in Science – Science Teachers 
Survey”. Phase 2 involved collecting qualitative data by means of class observations and 
semi-structured interviews of the teachers who opted for teacher-orchestrated 
demonstrations from phase 1. Quantitative data were analysed by means of the IBM 
Statistical Package for Social Sciences 25, for percentages and graphs. Data obtained 
from classroom observations and interviews were transcribed and coded using 
ATLAS.ti 7. 
The findings from this study revealed that a majority of teachers in Oshikoto Region 
exhibited a preference for teacher-orchestrated demonstrations rather than entrusting 
practical activities to learners. This resulted from the existence and influence of contextual 
factors that teachers in Namibia experience such as lack of resources to conduct practical 
work, insufficient time allocated for practical lessons and the issue of large class sizes. It 
would therefore appear from the results of this study that teacher-orchestrated 
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demonstrations are regarded, in the Oshikoto Region, as being the most effective forms 
of practical work by which learners can derive learning benefits such as acquiring an 
understanding of science concepts, developing practical skills and developing an interest 
in science. The researcher proposed a typology or classification of Chemistry teacher-
orchestrated demonstrations which comprised the interactive and non-interactive 
approaches. Based on the findings of this study, the researcher recommends that the 
Ministry of Education relook at the issue of science resource provision, that is 
laboratories, especially at rural schools, and the consideration of allocating adequate time 
to science subjects so that teachers can facilitate and incorporate practical work in their 
teaching. It is further recommended that teachers should be encouraged to improvise and 
use readily available and low-cost materials to engage learners in practical work instead 
of waiting for traditional laboratory resources to teach with practical work. There is also a 
need to engage Physical Science teachers in continuous professional development 
programmes to capacitate and improve their pedagogical practice. The implications of 
these findings for Chemistry practical work in Namibia are discussed. 
Keywords: practical work; demonstrations; Chemistry; pedagogical orientations  
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CHAPTER 1 CONCEPTUALISATION OF THE STUDY 
1.1 INTRODUCTION 
The chapter introduces the research study entitled “Teachers’ pedagogical orientations 
in Grade 8 teacher-orchestrated Chemistry practical demonstrations: A focus on Oshikoto 
Region, Namibia”. It presents the background and the rationale of the study. The problem 
statement, the purpose of the study, the research questions as well as the research 
design adopted for the study are also outlined in this chapter. 
1.2 BACKGROUND AND RATIONALE OF THE STUDY 
Many science scholars across the world acknowledge practical work as a central element 
in teaching and learning science. Teachers’ attitudes and beliefs, the provision of 
instructional materials, the size of classrooms and lesson time have been presented as 
the core factors impeding the successful implementations of practical work in science 
classrooms (Savasci-Acikalin, 2009; Dillon, 2008; Cheung, 2008; Moluayonge & Park, 
2017). The understanding of the key contextual factors influencing science teachers’ 
orientations in conducting practical work and more specifically orchestrating Chemistry 
demonstrations in their classes has thus been recognised as a central construct of this 
study. 
Situating a study within a social context is considered a key aspect of research in making 
the research study relevant in its own context. Neuman (2011) outlined that social context 
is important in research in such a way that it helps the reader to interpret the research 
findings. This section therefore zooms into the global, regional and local social contexts 
and the teachers’ personal experiences, which helps to provide an insight into this study. 
1.2.1 The global and regional perspectives of science practical work 
In a recent study on students’ perspectives of practical work in science by Harrison (2016) 
it emerged that a majority of the students believed that practical work supported them 
during their science learning process. In this study Harrison further revealed that about 
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71% of students enjoyed practical work and about 79% are reported to have been helped 
by practical work in their conceptual understanding of scientific phenomena. 
In his study of a review of school science practical work in Australia, Kidman (2012) 
agreed with a large body of literature on practical work in science and argued that practical 
work tended to allow students to exercise their minds through conducting simple 
demonstrations related to their area of interest. In addition to this, practical work also aims 
at confirming theory by linking it to practice. Moreover, in Australia for example, it is a 
national initiative to teach science by actively engaging junior secondary school students 
in learning science through an inquiry-based learning approach, where learning “science 
by doing” is the most prominent approach (Kidman, 2012). It is further revealed that this 
approach “aspires to improve learning by supporting school-based learning communities 
that acknowledge and build upon teacher expertise” (p. 4). It is through this approach that 
students are accorded the opportunity to find explanations for scientific phenomena. 
Makhubele (2017) explored the implementation of Natural Science and Technology 
practical activities by novice and expert teachers in South African schools and reported 
that practical activities “develop learners’ skills such that [they] allow them to know how 
to communicate using science concepts” (p. 14). This is to say, when teachers employ 
practical activities, it is expected that learners develop vital practical skills which nurture 
them into becoming critical thinkers, especially during their tertiary studies (Abrahams & 
Reiss, 2012). Makhubele (2017) further outlined that practical activities are important in 
science as they tend to encourage learners in learning activities and assisting them in 
understanding scientific phenomena, as these activities tend to improve their attitudes 
and interests (Skoumios & Passalis, 2013). The National Curriculum for Basic Education 
(NCBE) recognises the role played by practical work in science classroom; hence it 
emphasises the use of practical activities in teaching and learning in the sciences. 
Practical work is common in almost all science classrooms in many countries of the world. 
Abrahams and Millar (2008) revealed that practical work is an essential part of teaching 
and learning Physics. A study which explored Jordanian Chemistry teachers’ views on 
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teaching practices and educational reform revealed that the prevalent teaching practices 
in the science classrooms are characterised by the teacher being the knowledgeable 
source with learners taking a very passive role, and the absence of learners’ activities in 
terms of experiments or practical investigations (Al-Amoush, Markic, & Eilks, 2012). They 
further reported that teachers prefer teaching science through lecturing and frontal 
teaching methods and demonstration-discussion approaches and giving activities in the 
form of worksheets. 
In the United States, the Next Generation Science Standards (NGSS) place an emphasis 
on learning science through laboratory activities and advocate for a strong science 
curriculum that addresses the issues at hand (Boesdorfer, & Livermore, 2018). Research 
has shown that although practical work is seen as an important construct of every science 
classroom, there are obstacles or barriers to teachers’ use of practical activities in their 
classrooms. These barriers, among many others, include teachers’ beliefs (Cheung, 
2011; Rushton, Lotter & Singer, 2011; Crawford, 2007), teachers’ science knowledge 
(Van Driel et al., 2014) and the availability of curriculum materials to facilitate practical 
work (Roehrig, Kruse & Kern, 2007; Laius, Kask, & Rannimäe, 2009). 
In his research study, “thinking about practical work in Chemistry, teachers’ 
considerations of selected practices for the macroscopic experience” in Manitoba, 
Canada, Lewthwaite (2014) posited that practical work may comprise a “variety of ‘types’ 
such as demonstrations, teacher-directed experiments and teacher- or student-directed 
investigations” (p. 36). Furthermore, Lewthwaite postulated that demonstrations are 
usually teacher-centred and are performed with minimal student involvement. In other 
words, demonstrations are seen to be more teacher-orchestrated and they tend to have 
little or no involvement and interactions with learners. While pedagogical practices of 
executing demonstrations such as discrepant events (Ramnarain, 2010) and the Predict–
Observe–Explain (POE) framework (White & Gunstone, 1992) seem to encourage the 
development of cognitive skills and engagement of learners, demonstrations are naturally 
believed to follow a set of sequences which are predetermined by the teacher and hence 
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promote learners’ passivity as learners only tend to observe instead of being actively 
involved in the activity (Vhurumuku, 2011; Lewthwaite, 2014). 
The results from a case study research conducted by Bhukuvhani, Mupa, Mhishi and 
Dziva (2012) in Zimbabwe, on the science practical work instructional technologies 
indicated that all participants in the study viewed practical work as being an integral 
construct of teaching and learning science. Bhukuvhani et al. (2012) further suggested 
that well-designed practical work involved learners and supported them in developing vital 
skills which in turn helps them to conceptualise scientific phenomena as well as the 
consideration of risks and safety when working with scientific apparatus, such as 
chemicals which may be harmful. 
In most sub-Saharan countries such as Malawi and South Africa for instance, contextual 
factors such as lack of resources, large classes, and the lack of class time have resulted 
in teacher practical demonstrations being the prevalent form of practical work. Despite 
calls for learners to be engaged in independent practical work where they have autonomy 
in formulating their own investigation and planning an inquiry according to the respective 
science curriculum documents, teachers orchestrate practical demonstrations instead 
(Ramnarain, Nampota & Schuster, 2016). 
In their study on the factors influencing the quality of practical work in science classrooms 
carried out in Mpumalanga secondary schools in South Africa, Hattingh, Aldous and 
Rogan (2007) seems to concur with Boesdorfer and Livermore (2018) as they revealed 
that although practical work is espoused as a fundamental construct in the learning and 
teaching process in science subjects, there are a number of challenges teachers usually 
encounter, namely teachers’ perceptions of their learners, teachers’ attitudes towards 
innovation and availability of resources. The last factor is believed to be a key challenge 
faced by almost all science teachers in sub-Saharan Africa (Ramnarain, Nampota & 
Schuster, 2016; Moluayonge & Park, 2017; FEMSA, 1997). 
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1.2.2 The Namibian perspective 
After independence in 1990, the in-service training and assistance for Namibian teachers 
(INSTANT) project was formed. This project emerged as a joint venture between foreign 
experts such as the Vrije Universiteit Amsterdam (VUA) – which implemented the project 
– the European Union (EU) – which funded the project (Ottevanger, Macfarlane, & Clegg, 
2005) – and the local experts such as the then Ministry of Basic Education and Culture 
(MBEC) and the University of Namibia (UNAM). The general aims of this project focused 
on the improvement of secondary Science and Mathematics education in Namibia. The 
project also advocated to assist the MBEC in facilitating the design and implementation 
of the reformed Physical Science, Mathematics and Life Science curriculum and teacher 
training in Namibia (Ottevanger, Macfarlane, & Clegg, 2005). The INSTANT project 
involved both foreign and local experts, as presented above, in reformulating science 
education in the new Namibia, of which the initiatives of the project also focused on the 
use of practical work in science teaching. The NCBE also advocates for a “knowledge-
based society by empowering learners with the scientific knowledge, skills and attitudes 
to formulate hypotheses and to investigate, observe, make deductions and understand 
the physical world in a rational, scientific way” (Ministry of Education, Arts and Culture 
[MoEAC], NCBE, 2018, p. 13). The document outlined that for a knowledge-based society 
to be achieved in Namibia, learners should be engaged in hands-on activities such as 
practical activities in Natural Sciences to fully understand science phenomena. 
In a study conducted by Kasiyo, Denuga and Mukwambo (2017) on the investigation and 
intervention on challenges faced by Natural Science teachers when conducting practical 
work in primary schools in the Zambezi Region, they indicated that practical work is one 
of the “main forms of teaching science and it is a very important teaching style in any 
science subject’s curriculum” (p. 24). Their study also indicated that practical work may 
either take place in the laboratory or in and around the school environment and may 
constitute activities such as field work, laboratory work and demonstrations. The last of 
these activities is of importance to this study. Although the use of practical work is gaining 
momentum in a Namibian science classroom, science teachers are equally faced with 
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challenges, for example the availability of resources to do practical work, such as 
laboratories, apparatus, consumables; lack of time to do practical work; class size, 
learners’ motivation; poor understanding of the nature of science and lack of pedagogical 
skills (Kasiyo et al., 2017). This concurs with a body of literature on factors affecting the 
implementation of practical work in science classes. This study also revealed that due to 
the syllabus specifications teachers tend to do less practical work, which resulted in 
learners mostly learning by listening, and observing instead of carrying out practical work 
on their own. This facet is attributed to the fact that teachers are faced by a number of 
challenges, of which the unavailability of materials (such as science kits) is the most 
prominent one, as already discussed (Kasiyo et al., 2017). 
Oshikoto Region is one of the 14 educational and political regions in Namibia. The region 
has about 94 schools offering Grade 8 and most of these schools are in remote areas. 
The Education Management Information Systems (Namibia. MoEAC, EMIS, 2017) report 
shows that out of 94 schools where Physical Science is offered as a subject, only 47 are 
equipped with science laboratories. The poor provision of science resources is, therefore, 
seen as an impediment in the implementation of practical work in teaching Chemistry in 
the region. The value of demonstrations is also advocated by the Namibian Ministry of 
Education and it is prescribed in the Physical Science curriculum that most practical work 
activities should be achieved through demonstrations (Namibia. MoEAC, syllabus, 2015). 
1.2.3 The researcher’s personal experience as a teacher 
The researcher has been teaching Physical Science for nearly 12 years at three different 
schools in Oshikoto Region, Namibia. Two of the schools where the researcher had been 
teaching are poorly resourced and are all located in the remote areas of the region. 
Therefore, for the researcher himself, it has been very difficult to conduct practical work 
in Physical Science in keeping with the curriculum specifications. The researcher has 
been a circuit facilitator for Physical Science Grades 8 –10, a Regional Physical Science 
Grade 8 –10 examiner and a national marker for Physical Science, both at the Junior 
Secondary Certificate (JSC) and Namibia Senior Secondary Certificate Ordinary levels. 
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Through interactions with a community of fellow science teachers and during the Physical 
Science familiarisation workshops at the circuit level, most teachers shared the same 
sentiments in terms of the challenges they face when it comes to carrying out practical 
investigations which are required during each term in the Physical Science JSC syllabus. 
Furthermore, during visitations to sister schools in the circuit and the region at large, and 
through classroom observations at the researcher’s school, being a Head of Department 
(HoD), the researcher observed that teachers in the Mathematics and Science 
departments raised concerns about challenges they are faced with in terms of enabling 
learners to carry out practical investigations due to lack of materials, class size and too 
little time for science lessons. Against these constraints, teachers always preferred to 
orchestrate demonstrations using the chemicals they could borrow from other schools 
especially those built, funded and equipped with science laboratories by the Millennium 
Challenge Account (MCA) in the region. The MCA is the United States of America’s 
programme that assists poor countries in the form of development aids to enable such 
countries to adopt economic and political reforms (Pan, 2004). In Oshikoto Region, there 
are more than 40 schools which were funded through the MCA program. These schools 
have always been encouraged by the regional directorate to assist other schools in terms 
of lending them the necessary apparatus and equipment they would require in carrying 
out practical work. To this end, the researcher concurs with teachers in terms of the 
challenges they are faced with when teaching science through practical work and 
consequently assumes that most teachers tend to orchestrate practical demonstrations 
instead of engaging learners in practical activities. The benefit of teachers using 
demonstrations in such a context has thus been recognised. 
Based on the expectations of the Physical Science curriculum in terms of engaging 
learners in practical work and the contextual factors which challenge Physical Science 
teachers in Oshikoto Region when employing practical activities in their lessons, it is thus 
hypothesised that contextual factors are presumably believed to influence teachers’ 
pedagogical orientations in teaching science with practical work. It is for this reason that 
the study proposes to establish different pedagogical orientations displayed by Grade 8 
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Chemistry teachers when orchestrating Chemistry demonstrations in Oshikoto Region 
schools. 
1.2 PROBLEM STATEMENT AND PURPOSE OF THE STUDY 
According to Kasiyo et al. (2017), Natural Science teachers in Zambezi Region, Namibia 
are faced with challenges such as limited resources and laboratories, limited time and 
limited workshops to conduct practical work. This is similar to what has been observed in 
Oshikoto Region, especially at the junior secondary phase (JSP). As presented in the 
preceding paragraphs, lack of science equipment is one of the key challenges Physical 
Science teachers in Oshikoto Region are faced with when facilitating practical work in 
Chemistry Grade 8. Despite calls from the Physical Science curriculum to teach science 
with practical work, it has now become evident that teachers have opted for 
demonstrations which vary in kind and approach to help them achieve the rationale of the 
NCBE in terms of conducting practical work during science instruction. 
When learning something new, it is often helpful to observe someone else doing the same 
task. As teachers in this region are believed to be conducting both the teacher-
orchestrated demonstrations and learner practical activities, teacher-orchestrated 
demonstration is thus hypothesised to be the most prominent strategy due to the lack of 
science equipment and apparatus. The purpose of this study is therefore to establish the 
different pedagogical orientations Physical Science teachers display when orchestrating 
Chemistry practical demonstrations during their teaching. These pedagogical orientations 
are of importance in teaching science as science education is now expected to drive the 
paradigm shift from the traditional classroom practice of teacher-centred approach to 
giving learners autonomy in constructing their own knowledge through as conceptualised 
in the constructivist learning theory espoused by Vygotsky (1978). 
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1.3 RESEARCH AIM, GOALS AND QUESTIONS 
The aim of this study is to explore pedagogical orientations of Grade 8 teachers when 
orchestrating Chemistry demonstrations. In order for this aim to be accomplished, the 
following objectives were set: 
• To determine the extent to which teachers consider the importance of various learning 
outcomes during demonstrations; 
• To determine the extent to which teachers consider the impact of various contextual 
factors when choosing whether to do a teacher-orchestrated demonstration or a 
learner practical activity; 
• To identify pedagogical actions science teachers, take during Chemistry 
demonstrations; 
• To describe how teachers, explain their pedagogical actions during Chemistry 
demonstrations; and 
• To propose a typology of teacher-orchestrated demonstrations in Chemistry. 
This study aims at answering this main research question: 
What pedagogical orientations do Grade 8 Physical Science teachers display when 
orchestrating Chemistry demonstrations? 
Based on this main question, these sub-questions were formulated: 
• To what extent do teachers consider the importance of various learning outcomes 
when orchestrating demonstrations? 
• To what extent do teachers consider the impact of various contextual factors when 
choosing whether to do a teacher-orchestrated demonstration or a learner practical 
activity? 
• What teacher pedagogical actions are evident during teacher-orchestrated 
demonstrations? 
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• How do teachers explain their pedagogical actions during teacher-orchestrated 
demonstrations? 
• Based on teacher pedagogical actions and learning outcomes, what typology or 
classification can be proposed for teacher-orchestrated demonstrations in Chemistry? 
1.4 CONCEPTUAL FRAMEWORK 
This study is informed by two interrelated frameworks, the PCK introduced by Shulman 
(1987) and the teachers’ pedagogical orientations proposed by Magnusson, Krajcik and 
Borko (1999). According to Shulman, PCK is ‘‘the special amalgam of content and 
pedagogy that is uniquely the province of teachers, their own special form of professional 
understanding’’ (1987, p. 8). Shulman’s initial conception of PCK is viewed as an 
important construct of a teacher’s knowledge, which enables him/her to make learning 
easier for his/her learners. Within PCK, pedagogical orientation has been theorised as a 
component of PCK. Magnusson et al., (1999) introduced the term “orientations to 
teaching science” as an important construct of PCK. Pedagogical orientations are defined 
as science teaching orientations and described as “teachers’ knowledge and beliefs about 
the purposes and goals of teaching science at a particular Grade level” (p. 97). 
Magnusson et al. (1999) posited that orientation to teaching science is presented as being 
influenced by the knowledge of science curriculum, knowledge of students’ science 
understanding, knowledge of assessment and knowledge of instructional strategies. The 
Magnusson et al. (1999) model of PCK is thus viewed as one of the frequently used 
models, especially in science education (Aydin, Friedrichsen, Boz & Hanuscin, 2014). 
Pedagogical orientations manifest in pedagogical actions and these can include types of 
questions asked, the use of prompts, and facilitating collaboration and reflection 
(Gervasoni, Hunter, Bicknell, & Sexton, 2012). In accordance with this conceptualisation 
of pedagogical orientation, this research investigated the pedagogical orientations of 
Namibian Physical Science teachers in conducting teacher-orchestrated Chemistry 
demonstrations. 
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1.5 RESEARCH DESIGN AND METHODOLOGY 
This study adopted a sequential explanatory mixed methods design. According to 
Creswell, Plano Clark, Gutmann and Hanson (2003) sequential explanatory mixed 
methods design comprises two separate phases, the quantitative and qualitative phases. 
In this design, quantitative data are initially collected and analysed which is then followed 
by the collection and analysis of qualitative data which seek to help explain and elaborate 
on, the quantitative findings obtained during the first phase (Ivankova, Creswell, & Stick, 
2006). The rationale of using a sequential explanatory mixed methods ensure that 
quantitative data and its subsequent analysis provide some general understanding of the 
research problem, whereas the qualitative data and its analysis enhance and explain 
statistical results through exploring participants’ views in more depth (Rossman & Wilson, 
1985; Tashakkori & Teddlie, 1998; Creswell & Creswell, 2017). Quantitative data were 
collected by means of closed-ended questionnaires which were completed by 87 Physical 
Science teachers from schools in Oshikoto Region during phase 1 of the study. Phase 2 
of the study involved the gathering of qualitative data gathering by means of semi-
structured interviews and classroom observations of Physical Science teachers 
orchestrating Chemistry demonstrations in their classrooms. The findings from both 
approaches were amalgamated to establish a better understanding of pedagogical 
orientations teachers display when orchestrating Chemistry demonstrations in their 
science classrooms. The results emanating from this study cannot, however, be 
generalised to the practice of all Physical Science teachers because the study only 
focused on Grade 8 Chemistry teachers of Oshikoto Region, and the qualitative data were 
only gathered from 10 teachers who preferred teaching science through teacher-
orchestrated demonstrations. 
1.5.1 Data collection and analysis 
As discussed above, quantitative data were gathered by means of a questionnaire 
instrument which was distributed to all schools offering Grade 8 in Oshikoto Region. 
About 200 questionnaires were distributed in this regard and only 87 of these were 
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returned to the researcher. The questionnaire established the common practices of 
teachers when teaching science practical work in the region. After the questionnaires 
were analysed using the IBM Statistical Package for Social Sciences (SPSS), 10 teachers 
were purposefully selected based on their responses to their preferences of teaching 
Chemistry through teacher-orchestrated demonstrations and their accessibility to the 
researcher, who is also a teacher at one of these schools. Qualitative data from classroom 
observations and interviews were first transcribed, coded and analysed using ATLAS.ti 
software. Analysed qualitative data were used to generate assertions. The results of 
quantitative findings were thus explained and elaborated by means of the findings from 
the qualitative data. 
1.5.2 Validity and reliability 
The validity and reliability of the data were verified by means of strategies and checks 
provided by Merriam (2009). 
• Triangulation: Different and multiple sources were used to confirm emerging findings. 
These sources included the questionnaire, lesson observations and interviews from 
the study. 
• Member checks: Data were checked, and tentative interpretations were verified with 
the participant teachers. This was to ensure that the participating teachers agreed with 
and confirmed the correctness of data gathered from them. 
• Peer review: the researcher continuously engaged in dialogues with participating 
teachers and University of Johannesburg postgraduate students doing qualitative 
research studies on the process of tentative findings as they emerged. 
• Rich descriptions: A step-by-step description of events were followed to make it easy 
for readers to contextualise the study. The researcher maintained a journal to 
document all developments in the study. 
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1.6 COMPLIANCE WITH ETHICAL STANDARDS 
Before this study was conducted, the researcher applied to the research Ethics 
Committee of the Faculty of Education, University of Johannesburg for the ethical 
clearance to conduct the study, which was granted. The researcher also requested the 
permission to conduct this study from the Oshikoto Education Regional Director; this was 
also approved. 
1.7 OVERVIEW OF THE CHAPTERS 
This dissertation comprises five chapters outlined here. 
CHAPTER 1 
Presents the background and the rationale of the study. The problem statement, the aims 
and objectives of the study are presented. The research design and methodology are 
also briefly presented, and data collection and analysis are discussed. 
CHAPTER 2 
Provides an insight into the review of the literature relevant to the research topic. This 
chapter also provides an overview of the expectations of the Namibian curriculum with 
regard to teaching science with practical work and it presents the conceptual framework 
within which this study is situated. 
CHAPTER 3 
Presents an outline of the research design and methodology adopted for this study. This 
includes research methods, sampling, data collecting, recording and analysis as well as 
the issues of credibility, validity, trustworthiness, ethical considerations and limitation of 
the study are presented and discussed in this chapter. 
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CHAPTER 4 
This chapter presents the quantitative findings from the questionnaire survey which were 
obtained from phase 1 of the study. The results presented are meant to answer research 
sub-question 1.1, 1.2, 1.3 and 1.5. 
CHAPTER 5 
Presents the qualitative findings generated from phase 2 of the study, which involved 
classroom observations and semi-structured interviews. This is meant to answer research 
sub-question 1.4. The chapter also summarises and discusses the findings emanating 
from the study including the limitations and delimitation of the study and presents the 
recommendations for the future. 
1.8 CHAPTER SUMMARY 
Teaching science with practical work is the main facet of the NCBE. This chapter 
presented the rationale and the background of the study on the teachers’ pedagogical 
orientations in teaching Chemistry demonstrations. The next chapter reviews the 
literature relevant to this study.  
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CHAPTER 2 CONCEPTUAL FRAMEWORK AND REVIEW OF LITERATURE 
2.1 INTRODUCTION 
This research study aims to explore pedagogical orientations of Grade 8 teachers when 
orchestrating Chemistry demonstrations in Oshikoto Region, Namibia. This chapter 
focuses on a review of literature on the use and role of practical work in science education. 
The chapter further explores the expectations of the NCBE in Namibia as well as the 
Natural Sciences learning spectrum curriculum, to make the study relevant to the 
Namibian context. 
In addition, the chapter describes conceptual frameworks that inform the study. 
2.2 PRACTICAL WORK IN SCIENCE EDUCATION  
The current school science reforms globally advocate for the use of practical activities in 
the science classrooms. In countries such as the UK for example, it is reported that 
science teachers use practical work as an integral aspect of instruction in the teaching 
and learning of science (Abrahams & Millar, 2008; Woodley, 2009). According to Dillon 
(2008) and The Science Community Representing Education (SCORE) (2009) there has 
been confusion in defining the construct “practical work” in science education. The 
literature on practical work abounds with multiple definitions on what practical work entails 
as there seem to be several terminologies associated with the definition of this construct. 
There is, however, some consensus that practical work entails engaging learners in 
hands-on activities. Dillon (2008) opined that the descriptions and terminologies 
associated with the definition of practical work are however used with little elucidation 
making discussions about practical work difficult. In an earlier study, Lunetta, Hofstein 
and Clough (2007) presented what they call a classical definition of practical work as: 
learning experiences in which students interact with materials or with secondary sources of 
data to observe and understand the natural world (for example: aerial photographs to examine 
lunar and earth geographic features; spectra to examine the nature of stars and atmospheres; 
sonar images to examine living systems (Lunetta et al. 2007, pp. 2–3). 
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Consequently, Woodley (2009) also defined practical work in science as “a hands-on 
learning experience which prompts thinking about the world in which we live” (p. 49). 
Furthermore, Woodley (2009) also defined practical work as “a learning activity in which 
students observe, investigate and develop an understanding of the world around them, 
through direct, hands-on, experience of phenomena or manipulating real objects and 
materials” (p. 4). This definition accords well with Wei and Liu (2018) who described 
practical work as various hands-on activities or investigations that involve manipulation 
of scientific equipment or apparatus at primary and secondary schools. Like Woodley 
(2009), Ramnarain (2010) indicated that practical work refers to “all those kinds of 
learning activities in science which involve students at some point in time handling or 
observing real objects or materials they are studying” (p. 2). 
In line with the definitions given above, this study considers practical work to be any form 
of learner-based activities that are employed by teachers as teaching and learning 
strategies. The nature of what constitutes practical work is another contested issue in 
literature as science scholars find it difficult to describe what practical work really entails. 
According to SCORE (2009), science scholars settled on the overarching agreement 
about the nature of practical work in science education and identified three complete 
categories into which practical work may be classified. These categories are: the core 
activities, comprising investigations, laboratory techniques and fieldwork; the directly 
related activities, such as designing and planning activities, teacher demonstrations and 
experiencing phenomena; and the complementary activities, of science related visits, 
surveys, presentations and role plays and group discussion as examples. It is these 
components of practical work that are advocated for a place in the science classroom. 
The place of practical work in science has also been acknowledged by Wei and Liu (2018) 
as they outlined that practical work is associated with experimentation and hence it has 
been positioned as an essential part of the school science teaching and learning 
approach. This is equivalent to what practical work entails as it has been outlined by 
Hofstein and Lunetta (2004), Hofstein, Kipnis and Abrahams (2013), and Wellington and 
Ireson (2012). Moreover, as argued by Wei and Liu (2018), and as regarded as a distinct 
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teaching technique and learning environment, practical work has been used with a variety 
of prospects, often called goals or objectives, that are usually reflected in the science 
curriculum documents. Hofstein and Lunetta (2004) summarised these prospects into five 
categories: (1) understanding of scientific concepts; (2) interest and motivation; (3) 
scientific practical skills and problem-solving abilities; (4) scientific habits of mind; and 
(5) understanding of the nature of science (NOS). In agreement to this is Millar (2004) 
who affirmed that “we use practical work in science classes when students are unlikely to 
have observed the phenomenon we are interested in, or to have observed it in sufficient 
detail, in their everyday lives; in such situations, it is essential and irreplaceable” (p. 9). 
Additionally, Hofstein et al. (2013) assumed that the extent to which the goals and 
objectives of practical work are attained in science are dependent on a wide range of 
factors such as teachers’ expectations, subject knowledge, PCK, students’ abilities and 
interests, methods of teaching practical work (confirmatory or investigatory) and logistical 
and financial elements associated with the availability of resources. This study concurs 
with the notions raised by Hofstein et al. (2013) as the main aim of this study seeks to 
explore teachers’ pedagogical orientations when orchestrating Chemistry practical 
demonstrations. 
In the view of Teo, Tan, Yan, Teo and Yeo (2014), practical work is regarded as a central 
component in students’ learning of science as it can “facilitate the understanding of 
scientific concepts and the NOS, provide opportunities to learn inquiry skills and problem 
solving, cultivate scientific habits of mind, and help students develop a positive attitude 
towards science and the learning of science” (p. 551). Lastly, Boesdorfer and Livermore 
(2018) also outlined that practical activities have been a valued part of science teaching 
for many decades because of a variation of skills and content presented in its learning 
objectives. 
Although practical activities have been acknowledged as being a pivotal construct of 
every science classroom, research has contrastingly shown that there are numerous 
barriers to teachers’ use of such activities in the classroom (Cheung, 2011; Rushton, 
Lotter & Singer, 2011). Some of these barriers include teacher beliefs, teacher knowledge 
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and available curriculum material (Cheung, 2011; Rushton et al., 2011; Van Driel et al., 
2014; Roehrig et al., 2007; Laius et al., 2009). For example, teachers’ beliefs and 
knowledge are said to be the most important factors that affect their use of practical work 
in the science classroom (Boesdorfer & Livermore, 2018). To affirm this assumption 
Cheung (2008) and Ramnarain (2011) posited that the availability of resources and 
materials are some of the factors that impede teachers’ decision to conduct practical work 
and teaching through inquiry in their science classrooms. Boesdorfer and Livermore, 
(2018) further indicated that in the United States, the National Science Education 
Standards (NSES) acknowledges the availability of “instructional materials, kits, and 
equipment as supports which teachers need to successfully incorporate inquiry activities 
in their classroom” (p. 137). This support is believed to comprise activities such as helping 
teachers to have access to curriculum materials and ensuring that teachers can access 
appropriate science equipment, apparatus and chemicals that they can regularly use 
when conducting Chemistry practical demonstrations during their teaching (Boesdorfer & 
Livermore, 2018). This study also acknowledges the use of instructional materials and 
contextual factors in teaching through practical work as it explores the influence such 
contextual factors have on teachers’ pedagogical orientations and the quality of practical 
work they give to their students. 
2.3 THE ROLE OF PRACTICAL WORK IN TEACHING AND LEARNING SCIENCE 
Most science scholars would agree that good quality practical work engages students, 
helps them to develop important skills, enables them to comprehend the process of 
scientific investigation, and develops the understanding of science concepts (Woodley, 
2009). Bennett (2003) and Millar (2004) showed that practical work was frequently and 
widely used mostly in secondary school science teaching in England. Donnelly (1998) 
affirmed that practical work is an essential component of what makes a science teacher 
a teacher, and Millar (2002) shared the same sentiments as he stated that many science 
teachers in England use practical work as the basic modus operandi for science as they 
have a perception that practical work can motivate students towards the study of science 
(Wellington, 1998). Moreover, teachers advocate for practical work in school science as 
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having an influence on encouraging accurate observation and descriptions for their 
learners, enabling learners to make science phenomena more real, helping in stimulating 
and maintaining learners’ interests towards science and helping in the promotion of logical 
and reasoning methods of thought (Dillon, 2008). This may have informed the developer 
of the Namibian Physical Science JSP syllabus to underscore practical work and 
demonstrations as central aspects to teaching and learning science (Namibia, MoEAC 
syllabus, 2015). 
Yoon and Kim (2010) outlined that practical work in science teaching and learning aims 
at explaining how scientific knowledge comes into existence and how it works in real-life 
situations in terms of designing instructions and in crafting learners’ new pedagogical 
knowledge. To this end, Yoon and Kim (2010) are of the view that practical work tends to 
“improve students’ scientific thinking and problem-solving skills” (p. 284). Woodley (2009) 
also further emphasised that in Chemistry, for instance, practical work allows learners to 
acquire an understanding of hazards and working safely with laboratory chemicals and to 
gain confidence working in science facilities. SCORE (2009) similarly sees the impact of 
practical work on student engagement as it outlined that if well planned and carried out, 
practical work tends to stimulate and engage students’ learning process at different levels, 
by challenging their mental and physical capacity in ways which other science 
experiences cannot do. 
Woodley (2009) therefore, suggested that before planning to carry out practical work, 
science teachers should first define their goals of carrying out such practical works by 
answering this question: “What are learners expected to learn by doing this practical task, 
that they could not learn at all, or not so well if they were merely told what happens?” 
(p. 50). By asking this question, teachers would develop an understanding and have rich 
definitions of the objectives of a variety of practical tasks to employ in their classes and 
would be able to justify their uses. Again, Woodley (2009) articulated that employing 
practical activities during teaching enabled students to bridge the gap between what they 
can observe, that is “hands-on” and scientific ideas that arise from their observations, that 
is “brains-on”. Consequently, if practical activities are to explicitly stimulate students to 
 20 
 
make connections between hands-on and brains-on, then such practical activities are 
likely to be effective and successful (Millar, 2004). It is for this reason that when planning 
practical activities, teachers are expected to ensure that such activities are “tailored to 
achieve the identified aim through discussion with the students” (Woodley, 2009, p. 50). 
Figure 2.1. depicts a framework for how practical work supports science. 
 
 
 
 
 
 
 
 
Figure 2.1: A Framework on How Practical Work Supports Science 
Source: Adapted from Getting practical: a framework for practical science in schools, SCORE, 
(2009, p. 7) 
 
In this framework, practical work in science supports a variety of skills in learners such as 
independent learning, the development of personal learning and thinking, experiential 
learning, differential learning and learners’ skills development such as planning, 
manipulation of equipment, observation, analysing and evaluating, to mention just a few. 
The aims of practical work are also of importance to this study as they inform teachers’ 
choices in teaching science practically. 
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Johnstone and Shuaili (2001) reviewed the literature on the aims and objectives of 
practical work as initiated by Kerr, in 1961, in England and the Wales, about the nature, 
purposes, assessment and views about practical work in science. Subsequently, 
Johnstone and Shuaili (2001) also revealed that although the aims and objectives are 
different from each other, in literature, “aims and objectives are often used synonymously 
to give a general description of the intentions of the practical work” (p. 42). These aims, 
and objectives resonate with those of the NCBE in terms of practical work in science. The 
NCBE promotes the empowerment of Namibian learners for the future as a knowledge-
based society (Namibia, MoEAC. NCBE, 2018). This knowledge-based society is 
achieved through exposing learners to as much practical work in science from the early 
grades as possible. Johnstone and Shuaili (2001) compiled the following list of generic 
aims and objectives of practical work in science as to: 
• encourage accurate observations and careful recording; 
• promote simple, common sense, scientific methods of thought; 
• develop manipulative skills; 
• give training in problem solving; 
• fit the requirements of a practical exam; 
• elucidate theoretical work to aid comprehension; 
• verify facts and principles already taught; 
• be an integral part of the process of finding facts by investigating and arriving at 
principles; 
• arouse and maintain interest in the subject; and 
• make phenomena more real through actual experience. 
In another study on the effectiveness of practical work in science teaching by Bricker and 
Bell (2008) it was shown that there have been many purposes of practical work as 
espoused by various other researchers. Some purposes of practical work which teachers 
have stated are: (a) to encourage accurate observations and descriptions; (b) to make 
the phenomena more real; (c) to arouse and maintain learners’ interests; (d) to promote 
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a logical and reasoning method of thought; (e) to practice seeing problems and seeking 
ways to solve them; (f) to develop an ability to cooperate; and (g) to develop a critical 
attitude (pp. 5–6). These purposes are in a substantial agreement with the aims described 
by Johnstone and Shuaili (2001) as presented above and it is therefore these aims that 
teachers should consider when they plan and execute practical work during their 
teaching. 
2.4 PRACTICAL WORK IN THE NAMIBIAN SCHOOL SCIENCE CURRICULUM 
The NCBE is a national official document on education which ensures continuity of the 
foundation principles of education systems as contained in the Namibian education policy 
document, the Towards Education for All: A Development Brief (Namibia. Ministry of 
Education and Culture, [MEC], 1993) which assisted in the transformation of the 
education systems for the Namibian nation shortly after independence in 1990. The 
NCBE provides a framework that serves and guarantees uniformity in curriculum delivery 
in schools throughout the country as it guides all schools on planning, organising, 
implementing and the assessment of teaching and learning (Namibia. MoEAC, NCBE, 
2018). Moreover, the NCBE serves as a roadmap to all stakeholders in their drive to make 
the Namibian education the success it must become for the realisation of the country’s 
national development strategy, the “Vision 2030”. The NCBE further describes the goals, 
aims and the rationale for the curriculum, the principles of assessment and curriculum 
management at the school level (Namibia. MoEAC, NCBE, 2018). The NCBE is a 
framework that is used to develop syllabi, learning materials and textbooks for the various 
subjects and areas of learning. It is from NCBE that teachers develop schemes of work 
and lesson plans. This is to ensure that teachers implement the goals and aims of the 
policy document in a consistent manner. The central aim of this policy document is to 
provide basic education to help in establishing and developing an environmentally 
sustainable future society (Namibia. MoEAC, NCBE, 2018). 
The document further outlines the approach to teaching with a focus on preparing 
learners for a knowledge-based society by employing a learner-centred approach to 
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teaching and learning. To that effect, practical work as advocated for in this study is a 
construct of the learner-centred approach. It is assumed that learners already bring a lot 
of knowledge to class and it is the teachers’ responsibility to ensure that learners apply 
such knowledge creatively and innovatively (Namibia. MoEAC, NCBE, 2018). The NCBE 
identifies core skills and key learning areas to fulfil the implications of Namibia’s Vision 
2030. The NCBE describes the core skills as those that everyone needs in a knowledge-
based society. There are about seven core skills identified in the Namibian context. Of 
relevance to this study is the “learning to learn” (circled in red in Table 2.1) core skill which 
the NCBE views as the most fundamental skill area of them all. Subsequently, the NCBE 
described this skill as the “ability and willingness to adapt to new tasks” (p. 8). It is through 
this core skill where learners are expected to develop skills to plan, organise and evaluate 
their learning to help them acquire and apply new knowledge and skills or be able to apply 
existing knowledge and skills in new situations or innovative ways (Namibia. MoEAC, 
NCBE, 2018). It is further stated that learners are expected to carry out “problem-solving 
tasks, making efficient and effective use of knowledge, seeing the plan through, 
evaluating the results and reflecting on the process” (Namibia. MoEAC, NCBE, 2018, p. 
8). The policy document outlined that through these skills, learners will be able to work 
independently, or in groups in building their own learning experiences. This can be 
achieved, provided that teachers plan their lessons efficiently using hands-on practical 
activities. 
In all the subject syllabuses, the core skills in the NCBE are broken down into more 
detailed basic competencies which are to be assessed and the examples of these basic 
competencies and their relation to the core skills are given in Table 2.1. 
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Table 2.1: The Seven Core Skills of the NCBE (2018, p. 12) 
Skill Basic competencies 
 
Learning to learn  
setting goals, solving problems, evaluating and reflecting on completed 
processes; working effectively, independently and in groups; increasingly 
taking responsibility for their own learning and work; etc.  
Personal skills  making informed choices, decisions and judgements, evaluating beliefs and 
opinion, taking initiative, acting creatively, producing, innovating, etc.  
Social skills  showing respect, tolerance, trustworthiness and honesty, cooperating, 
accepting encouragement and positive criticism, showing appreciation, etc.  
Cognitive skills  exploring, investigating, enquiring, recognising, contextualising, 
hypothesising, interpreting, weighing up alternatives, analysing, 
synthesising, evaluating, thinking creatively, creating knowledge, etc.  
Communication skills  talking fluently, writing, eliciting, explaining, discussing, convincing, 
demonstrating, presenting, acting out, dramatising, drawing, showing, 
displaying, reporting; being clear, concise, expressive, meaningful; etc.  
Numeracy skills  estimating, approximating, measuring, calculating, tabulating; drawing 
graphs, charts, diagrams, shapes, figures; using instruments; being 
accurate, logical; solving problems, presenting information; using 
mathematical language; etc.  
Information and 
communication 
technology skills  
choosing appropriate communication solution, utilising hardware and 
software, evaluating information, transforming information to knowledge, 
following ethical practice, interacting considerately, communicating clearly, 
etc.  
 
On the key learning area, the NCBE described this as a "field of knowledge and skills 
which is part of the foundation needed to function well in a knowledge-based society” 
(p. 12). The document reveals that there are eight key learning areas in the Namibian 
basic education context. The subject Physical Science Grades 8–12, is within the Natural 
Sciences learning area. The NCBE stipulates that the “natural sciences are one of the 
main drivers of transformation of society and the world” (p. 13). The Natural Sciences 
area is believed to “contribute to the foundation of the knowledge-based society through 
empowering learners with scientific knowledge, skills and attitudes to formulate 
hypotheses, to investigate, observe, make deductions and understand the physical world 
in rational scientific ways” (Namibia. MoEAC, NCBE, 2018, p. 13). Of significance to this 
study, one way of achieving the goals of the NCBE is through carrying out practical work, 
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where learners engage either in investigations or demonstrations or where teachers 
orchestrate demonstrations for the learners to develop scientific knowledge. 
The subject Physical Science promotes the development of knowledge, understanding, 
creativity, practical and experimental skills which are the solid foundation for academic 
training, preparing learners to become creative and meaningful adults in life (Namibia. 
MoEAC, syllabus, 2015). In addition, the subject also helps learners to promote and 
develop a sense of responsibility towards the environment, relating to scientific practices 
leading to sustainable use of natural resources. The JSP Physical Science curriculum 
document outlines that an approach to teaching Physical Science should be based on a 
paradigm of learner-centred approach, which posits that learners learn best when they 
are involved in the learning process, through a high degree of participation, contribution 
and production (Namibia. MoEAC, syllabus, 2015). One of such activities is practical 
work, which involves learners, making them active participants, contributors and 
constructors of their own scientific knowledge. Additionally, the Physical Science JSP 
curriculum document outline, teachers’ and learners’ roles in terms of carrying out 
practical work where it proposes that teachers must decide in relation to general and 
specific objectives to be achieved at the end of each lesson, strategies such as conveying 
contents directly or giving learners autonomy to discover and explore information 
(Namibia. MoEAC, syllabus, 2015). 
Essential to the teaching approaches and strategies to be followed by teachers as 
suggested by the NCBE, the Physical Science JSP curriculum document focuses on 
groupwork, pair work, individual work or whole-class activities. Roth et al. (2006) 
concurred with the Physical Science JSP curriculum document, as they also indicated 
that practical work may be broadly classified into two categories; whole-class practical 
activities and independent practical activities. These are believed to be the two prominent 
pedagogical orientations taken by teachers in teaching science with practical work. The 
NCBE specifies that learners should be exposed to all forms of practical work which in 
turn is believed to enable them to develop experimental skills as early as in their primary 
schooling. The Physical Science JSP curriculum document further stressed and made 
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suggestions for essential examples of practical activities or demonstrations to be carried 
out at the end of each topic that learners should be exposed to, both during teaching and 
in preparation for assessment. (Namibia. MoEAC, Syllabus, 2015). Although the 
curriculum document specified investigative activities that learners are expected to carry 
out, research reveals that teachers tend to promote and incorporate practical work in their 
teaching as much as they can. However, a gap seems to exist between what is contained 
in the curriculum document, what teachers say they do and what is experienced by 
learners (Dillon, 2008). This is also evident in the Namibian context as teachers 
sometimes do not plan practical investigations for their learners due to the time 
constraints, lack of resources and their own behaviour. Teachers often feel that there is 
always inadequate time allocated for practical work in the timetables by their 
administrators. Work overload is also seen as one of the challenging factors that impedes 
the process of conducting practical work. 
2.5 CLASSIFYING PRACTICAL WORK 
According to Hattingh, Aldous, and Rogan (2007) there are four levels into which science 
practical work may be classified. These levels vary in form and intention. Level 1 involves 
mainly teacher-directed demonstrations, whereas level 4 is more focused on learner-
directed activities. For the purposes of this study, the focus is placed on the first two levels 
of practical work, which are in line with the rationale of this study where a teacher-led 
demonstration dominates learner practical activities. As it can be seen in Table 2.2, for 
level 1 practical work, a teacher uses demonstrations to help learners develop an 
understanding of science concepts by using materials or specimens that are easy to 
obtain within a given environment. For level 2 practical work, a teacher still leads 
demonstrations, but learners are partly involved as they assist teachers in planning and 
carrying out demonstrations. 
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Table 2.2: Four Levels of Complexity in Science Practical Work: A Classification Framework 
Level Types of science practical work 
1 Teacher uses classroom demonstrations to help develop concepts. 
Teacher uses specimens found in the local environment to illustrate lessons. 
2 Teacher uses demonstrations to promote some form of learner inquiry. 
Some learners assist in planning and performing the demonstrations. Learners participate 
in closed (cook-book) practical work. 
Learners communicate data using graphs and tables. 
3 Teacher designs practical work in such a way as to encourage learner discovery of 
information. 
Learners perform guided discovery type practical work in small groups engaging in hands-
on activities. 
Learners can write a scientific report in which they can justify their conclusions based on 
the data collected. 
4 Learners design and do their own 'open-ended' investigations. 
Learners reflect on the quality of the design and data collected and make improvements 
when and where necessary. 
Learners can interpret data in support of competing theories or explanations. 
Hattingh, Aldous and Rogan (2007) 
 
Ramnarain (2010) also outlined that to classify practical work, one must consider the 
outcomes it is meant to achieve or the form it takes. These outcomes are broadly placed 
in two categories: the content and process outcomes. The content outcomes are based 
on the learning contents to be taught while the process outcomes are achieved through 
a practical work procedure. Ramnarain further established that practical work can take a 
form of a demonstration or a learner's independent practical activity. Table 2.3. shows the 
learning outcomes and how they help learners to conceptualise scientific phenomena. 
Table 2.3: The Intended Learning Outcomes for Practical Work 
Broad learning outcomes Intended learning outcomes 
Content outcomes These help learners to: 
• Identify objects and phenomena and become familiar with 
them 
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• Learn a fact (or facts) 
• Learn a concept 
• Learn a relationship 
• Learn a theory/model. 
Process outcomes These help learners to: 
• Learn how to use a standard laboratory instrument or to 
set up and use a standard piece of apparatus 
• Learn how to carry out a standard procedure 
• Learn how to plan an investigation to address specific 
question or problem 
• Learn how to process data 
• Learn how to use data to support a conclusion 
• Learn how to communicate the results of their work. 
Adapted from Ramnarain (2010, p. 3) 
 
Although Ramnarain established the form of practical work, Wellington (1998) initiated six 
categories in which practical work may be broadly classified. These categories include: 
teacher demonstrations, class practical, learners working in small groups – group work, 
events of experiments with small groups doing different tasks and activities, investigations 
as well as problem-solving activities. According the findings of the study on the review of 
school practical work in Australia conducted by Kidman (2012), about seven different 
forms of practical work were identified as being the most dominant ones in Australian 
schools. These included demonstrations, laboratory experiments/closed inquiry, directed 
activity, undirected activity, skill development, guided inquiry and open inquiry. Similarly, 
Ramnarain (2010) further distinguished four levels of inquiry which describe the degree 
of teacher and learner involvement. These four levels are demonstrations, structured 
inquiry, guided inquiry and open inquiry. Hofstein (2015) concurred with Ramnarain 
(2010) as he outlined that practical work may also be classified into four types, namely 
confirmatory, inquiry, discovery and problem based. From the review of these 
researchers, there are similarities and patterns in terms of types or forms of practical work 
that science teachers conduct in their classes. Demonstration is seen as a predominant 
form of practical activity used by teachers and it will be discussed in detail later in this 
chapter. For this study, the next section discusses briefly the pivotal forms of practical 
 29 
 
work in terms of: demonstrations, inquiry (structured, guided/directed, open/undirected, 
experimentations/closed), confirmatory and problem based. 
2.5.1 Demonstrations 
According to Ramnarain (2010), demonstrations are used by teachers to acquaint 
learners with procedures of inquiry, where a teacher focuses the attention of learners on 
the event or phenomenon being demonstrated. In practical demonstration, the Predict–
Observe–Explain (POE) method and discrepant events are the most useful aspects of a 
demonstration. Ramnarain further explained that within a POE method, learners are 
expected to predict what will happen, then observe what is happening and only then will 
they be able to explain their inferences. For example, in a demonstration of “the expansion 
of solids, using a ball and ring apparatus”, learners are expected to predict what would 
happen to the metallic ball before it is heated, with respect to moving through the metallic 
ring once it is heated, and then through observation, they are able to explain their initial 
prediction. 
With regard to discrepant events, this involves “mind-engaging demonstrations or 
activities where learners observe unexpected results that are contradictory to their normal 
experience or expectations” (p. 41). A typical example of demonstration to affirm this 
claim is that of the unusual behaviour of water between 0 °C and 4 °C. Learners usually 
think that if water is cooled below 4 °C, it would contract like any other substance, but 
through observation, they would expect unexpected results. The POE and discrepant 
events can help learners develop skills such as hypothesising, experimentation and 
drawing conclusions (Ramnarain, 2010). 
2.5.2 Inquiry 
Inquiry may take different forms which describe the degree of learners’ participation and 
teacher involvement in the activity. Inquiry may be structured, guided/directed, 
open/undirected, experimentation/closed (Ramnarain, 2010; Hofstein, 2015). Open-
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endedness refers to activities that are carried out entirely by the learners, whereas closed 
ended refers to activities that are directed entirely by the teacher (Hofstein, 2015). 
2.5.2.1 Structured inquiry 
According to Ramnarain (2010) structured inquiry consists of hands-on activities which 
may be in the form of a question or investigation and which are given to learners by the 
teacher, of which the teacher provides the instructions as well as the procedures on how 
the investigation should be carried out. It is this form of inquiry which is usually used to 
verify or confirm the existence of scientific concepts or phenomena. 
2.5.2.2 Guided/directed inquiry 
With guided inquiry or directed inquiry, the teacher gives the learners autonomy to 
envision possible solutions and to plan and execute an investigation According to Kidman 
(2012), in a guided inquiry the teacher is expected to direct the inquiry by posing the 
question; however, it remains the responsibility of students to plan how to conduct and 
interpret the inquiry. Students are expected to use their creativity and imagination to direct 
the investigation process towards solving the predetermined problem. 
2.5.2.3 Open/undirected inquiry 
Hofstein (2015) outlined that “an inquiry experiment is considered open when the students 
plan how it will be carried out” (p. 564). Also, in an open inquiry or undirected inquiry the 
teacher does not ask the question, but the student “poses their own question, plans the 
inquiry, conducts the inquiry and reflects upon the results to answer the question” 
(Kidman, 2012, p. 11). similarly, Ramnarain (2010) indicated that the highest level of 
inquiry is where learners “generate their own questions, formulate their own procedures 
and determine their own results” (p. 42). It is through open inquiry that learners can take 
active control of their own learning. Figure 2.2. shows how learners can gain autonomy 
as teacher’s support gradual “fades” through open inquiry. 
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Figure 2.2: Withdrawing Teacher Support with Increasing Learner Autonomy 
Source: Adapted from Ramnarain (2010, p. 42). 
 
2.5.3 Confirmatory 
With confirmatory inquiry, Hofstein (2015) observed that it is usually used where a teacher 
or learner would like to confirm a science concept. For instance, this type of inquiry can 
be used in Chemistry when learners are provided with the materials to confirm the 
presence of a carbon dioxide gas produced when marble chips are reacted with a dilute 
hydrochloric acid by bubbling this gas through clear limewater and observing the colour 
changes. 
2.5.4 Problem based 
The problem-based approach to inquiry is analogous to what Kidman (2012) described 
as a skill development. In problem-based approach, the teacher “provide[s] opportunities 
for the student to repeatedly access basic scientific equipment for a standalone task, 
devoid of context, thus developing manipulative skills” (p. 10). For example, learners 
could be asked to light a Bunsen burner or to ignite a piece of magnesium during a 
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demonstration. Therefore, a learner is expected to develop process and inquiry skills, for 
example in collecting, recording and interpreting data. 
Sharpe (2012) maintained that science teaching simply belongs in the laboratory, just as 
cooking belongs in the kitchen. According to Roth et al. (2006), practical work may also 
be broadly classified into two categories; whole-class practical activities and independent 
practical activities. Whole-class practical activities involve mainly teacher-orchestrated 
demonstrations of phenomena and objects, whereas independent practical activities 
involve activities “carried out by the students themselves, usually working in small groups” 
(Millar et al., 1998, p. 33). Whole-class teacher-orchestrated demonstrations range from 
simple displays of objects such as the model of the heart to showing phenomena such as 
the reactions of substances with oxygen. These classifications are familiar to what is 
discussed in the preceding sections of this chapter. 
2.6 THE CONCEPTUAL FRAMEWORK 
This study is informed by the two conceptual frameworks; the PCK and the teachers’ 
pedagogical orientations. In the next section these conceptual frameworks are described 
in terms of their influence on this study. 
2.6.1 Pedagogical content knowledge 
In 1986, Lee Shulman identified “PCK as a central element in the knowledge base of 
teaching” (Friedrichsen, Van Driel & Abell, 2011, p. 359). According to Shulman (1987) 
PCK is described as representing the “blending of content and pedagogy into an 
understanding of how particular topics, problems or issues are organized, represented, 
and adapted to the diverse interests and abilities of learners, and presented for 
instruction” (p. 8). Moreover, “PCK includes an understanding of what makes the learning 
of specific topics easy or difficult: the conceptions and preconceptions that students of 
different ages and backgrounds bring with them to the learning of those most frequently 
taught topics and lessons” (Shulman, 1987, p. 9). PCK is therefore an important element 
in teaching science in that it is of special interest because it identifies the distinctive bodies 
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of knowledge for teaching science (Shulman, 1987). Shulman’s original emphasis was on 
the following knowledge elements: content knowledge and/or subject matter knowledge 
(SMK), general PCK, the knowledge of the curriculum, knowledge of learners, knowledge 
of the educational contexts and knowledge of the educational ends, purposes and values 
(Magnusson et al. 1999). The Shulman PCK model, however, lacked the element of 
orientations to teaching science of which Magnusson et al. included as a crucial aspect 
of PCK. As one of the significant constructs of this study, orientations, also pedagogical 
orientations to teaching science will be further discussed in the next section. 
According to the Magnusson et al. PCK model, the following are the five components 
which constitute science teachers’ PCK. They are: “(a) orientations toward science 
teaching, (b) knowledge and beliefs about science curriculum, (c) knowledge and beliefs 
about students’ understanding of specific science topics, (d) knowledge and beliefs about 
assessment in science, and (e) knowledge and beliefs about instructional strategies for 
teaching science” (p. 97). Additionally, Magnusson et al. (1999) outlined that “the defining 
feature of PCK is its conceptualisation as the result of a transformation of knowledge from 
other domains” (p. 96). Additionally, De Jong, Veal and Van Driel (2002), indicated that 
PCK can be designated at three levels: general PCK, domain-specific PCK and topic-
specific PCK. It is for this reason that Magnusson et al. (1999) described PCK as a 
“teacher’s understanding of how to help students understand specific subject matter 
including knowledge of how specific subject topics, problems and issues can be 
organised, represented, and adapted to the diverse interests and abilities of learners, and 
then presented for instruction” (p. 96). 
Wei and Liu (2018) revealed that although there seems to be no commonly accepted 
conceptualisation of PCK, agreement has been reached on two essential elements of 
Shulman’s (1986) PCK model which focused on the knowledge of the representations of 
specific subject matter and understanding of students’ learning difficulties and wrong 
conceptions (Van Driel et al., 1998). Wei and Liu (2018) further described subject matter 
as being “somewhat elusive, however, and some insights can be obtained from the 
discussion of subject matter knowledge in the literature” (p. 2). 
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According to Grossman, Wilson and Shulman (1989) SMK comprises four broad 
categories: (1) content knowledge – the “stuff” of a discipline; (2) substantive knowledge 
– knowledge of the explanatory framework or paradigms of a discipline; (3) syntactic 
knowledge – knowledge of the ways in which new knowledge is generated in a discipline; 
and (4) beliefs about the subject matter – feelings and orientations towards the subject 
matter. Based on the four categories of SMK as espoused by Grossman et al. (1989), 
Wei and Liu (2018) believe “practical work, or experimentation, is an integral part of 
Natural Sciences subject matter across the four categories” (p. 2). While practical 
activities in the science classroom have been projected as playing a vital role, traditional 
teaching of teacher “talk and chalk” are dominant strategies. Friedrichsen et al. (2011) 
specified that science teachers’ practices are influenced by many factors such as the 
social and policy context in which science is taught, SMK, PCK as well as their attitudes 
and beliefs about teaching science. 
2.6.2 Teachers’ pedagogical orientations in doing practical work 
Magnusson et al. (1999) defined an orientation as representing “a general way of viewing 
or conceptualizing science teaching” (p. 97). Similarly, Boesdorfer and Lorsbach (2014) 
also described a teaching orientation as a “teacher’s knowledge and beliefs about the 
purposes for teaching science which informs instructional decisions about assignments, 
activities, students, and assessments” (p. 2114). Friedrichsen et al. (2011) reported that, 
Magnusson et al. (1999) established nine orientations towards teaching science which 
included the four originally suggested by Anderson and Smith (1987). These include: 
process, academic rigour, didactic, conceptual change, activity driven, discovery, project-
based science, inquiry and guided inquiry. Similarly, Friedrichsen (2002) reviewed the list 
of science teaching orientations suggested by Anderson and Smith (1987) and grouped 
the orientations in two main categories: (a) teacher-centred orientations (didactic and 
academic rigour); and (b) orientations based on reform efforts and associated curriculum 
projects. 
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The teacher-centred orientations will serve as a framework to guide this study. This is 
because this study aims at establishing the different pedagogical orientations Grade 8 
Chemistry teachers take when orchestrating practical demonstrations, making this 
category relevant to this study. The focus is to establish how different teachers in remote 
areas of the Oshikoto Region conduct Chemistry practical demonstrations in their 
classrooms as this is what the researcher is hypothesising to be the case. 
In the views of Magnusson et al. (1999) orientations towards teaching science are 
imbedded as being the central components of the model which influences the teacher’s 
(1) knowledge of science curriculum (specific curriculum and general science goals and 
objectives); (2) knowledge of students’ science understanding (students’ difficulties and 
background knowledge); (3) knowledge of assessment in science (what to assess and 
how); and (4) knowledge of instructional strategies in science (Boesdorfer & Lorsbach, 
2014). Figure 2.3 depicts the simplified version of teaching science according to 
Magnusson et al. (1999). 
 
Figure 2.3: The Simplified Version of Teaching Science 
Source: Adapted from Magnusson, Krajcik & Borko (1999) 
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In Figure 2.3, orientation (circled in red) towards science teaching is projected as a 
construct of PCK. Orientation towards science teaching is also presented as being 
influenced by knowledge of science curriculum, knowledge of students’ science 
understanding, knowledge of assessment and knowledge of instructional strategies. 
Magnusson et al. (1999) further outlined that the orientations are generally organised 
according to the emphasis of the instruction. In the Grossman et al. (1989) PCK model, 
one of the four broad categories of SMK revolve around teachers’ beliefs about the 
subject matter – feelings and orientations towards the subject matter. Table 2.4 and 2.5 
outline the “goals of teaching science that a teacher with a particular orientation would 
have and the typical characteristics of the instruction that would be conducted by a 
teacher with a particular orientation” respectively (Magnusson et al. 1999, p. 97). 
 
Table 2.4: The Goals of Different Orientations to Teaching Science 
ORIENTATION GOAL OF TEACHING SCIENCE 
Process Help students develop the “science process skills.” (e.g., 
SAPA) 
Academic rigour 
 
Represent a particular body of knowledge (e.g., Chemistry). 
Didactic Transmit the facts of science. 
Conceptual charge 
(Roth, Anderson, & Smith, 1987) 
Facilitate the development of scientific knowledge by 
confronting students with contexts to explain that challenge 
their naive conceptions. 
Activity driven 
(Anderson, & Smith, 1987) 
Have students be active with materials; “hands-on” 
experiences. 
Discovery Provide opportunities for students on their own to discover 
targeted science concepts 
Project-based science Involve students in investigating solutions to authentic 
problems. 
Inquiry Represent science as inquiry 
Guided inquiry 
 
Constitute a community of learners whose members share 
responsibility for understanding the physical world, 
particularly with respect to using the tools of science. 
Adapted from (Magnusson et al., 1999) 
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Table 2.5: Nature of Instruction Associated with Different Orientations to Teaching Science 
ORIENTATION  CHARACTERISTICS OF INSTRUCTION 
Process Teacher introduces students to the thinking processes employed by scientists 
to acquire new knowledge. Students engage in activities to develop thinking 
process and integrated thinking skills. 
Academic Rigour Students are challenged with difficult problems and activities. Laboratory work 
and demonstrations are used to verify science concepts by demonstrating the 
relationship between particular concepts and phenomena. 
Didactic The teacher presents information, generally through lecture or discussion, and 
questions directed to students are to hold them accountable for knowing the 
facts produced by science. 
Conceptual 
Change 
Students are pressed for their views about the world and consider the 
adequacy of alternative explanations. The teacher facilitates discussion and 
debate necessary to establish valid knowledge claims. 
Activity driven Students participate in “hands-on” activities used for verification or discovery. 
The chosen activities may not be conceptually coherent if teachers do not 
understand the purpose of particular activities and as a consequence omit or 
inappropriately modify critical aspects of them. 
Discovery Student-centred. Students explore the natural world following their own 
interests and discover patterns of how the world works during their 
explorations. 
Project-based 
science 
Project-centred. Teacher and student activity centres around a “driving” 
question that organises concepts and principles and drives activities within a 
topic of study. Through investigation, students develop a series of artefacts 
(products) that reflect their emerging understandings. 
Inquiry Investigation-centred. The teacher supports students in defining and 
investigating problems, drawing conclusions and assessing the validity of 
knowledge from their conclusions. 
Guided inquiry Learning community centred. The teacher and students participate in defining 
and investigating problems, determining patterns, inventing and testing 
explanations and evaluating the utility and validity of their data and the 
adequacy of their conclusions. The teacher scaffolds students’ efforts to use 
the material arid intellectual tools of science, towards their independent use of 
them. 
Adapted from (Magnusson et al., 1999) 
 
 
Magnusson et al. (1999) identified several types of orientations as indicated in the tables 
above, but for the purposes of this study only the didactic and academic rigour 
orientations (circled in red) are considered because they are both a typical example of 
teacher-orchestrated orientations. Magnusson et al. (1999) noted that within a didactic 
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orientation, a teacher has the “goal to transmit the facts of science” (p. 100). Magnusson 
and colleagues further claimed that it is through this approach that a teacher is believed 
to present scientific phenomena to learners through the discussion and/or lecture 
approach. By this means, questions are used as the teaching style for which learners are 
expected to reproduce facts established through science. On the contrary, academic 
rigour requires that a teacher has the goal of representing a particular body of knowledge 
to learners, where learners are challenged with difficult problems and activities to solve 
(Magnusson et al., 1999). Moreover, Magnusson et al., (1999) outlined that academic 
rigour involves laboratory work and demonstrations which are used to verify science 
concepts by demonstrating the relationship between particular concepts and phenomena. 
 
The orientations which influence teachers in employing practical work are of relevance to 
this study. Practical work is associated with experimentation and it is considered as a vital 
component of instruction in science (Wei & Liu, 2018). It is further believed that teachers 
conduct practical work during their teaching by first projecting their expectations on the 
impact of practical work on their teaching and their learners’ conceptualisation of the 
scientific phenomena (Wei & Liu, 2018). Such teachers’ expectations about practical work 
are usually based on science curriculum goals/objectives (Wei & Liu, 2018). Hofstein and 
Lunetta (2004) highlighted the following five categories into which teachers’ expectations, 
goals and objectives may be clustered: (1) understanding scientific concepts; (2) interest 
and motivation; (3) scientific practical skills and problem-solving abilities; (4) scientific 
habits of mind; and (5) understanding of NOS. 
It is therefore important to note that the orientations that influence teachers in conducting 
practical work are based on some of the following factors as proposed by Wei and Liu 
(2018); Hofstein, Kipnis and Abrahams (2013) which are: teachers’ expectations, subject 
knowledge, PCK, students’ abilities and interests, methods of teaching practical work 
(confirmatory, inquiry, discovery and/or problem based) and logistical and economic 
elements related to the availability of equipment and facilities. 
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The factor of PCK foregrounds teachers’ choices and expectations of practical work. 
Shulman (1987) conceptualised two essential elements of PCK as the knowledge of the 
representations of specific subject matter, and the understanding of students’ learning 
difficulties and mistakes (Wei & Liu, 2018). These elements are considered as teachers’ 
knowledge base that informs their choices. As noted earlier, Grossman et al. (1989) 
classified the SMK into four categories, and it is based on this perception of PCK, that 
practical work can be inferred as an indispensable part of the “science subject matter” 
across all the four categories, and thus may be seen both as a teaching approach and a 
kind of science subject matter (Wei & Liu, 2018). 
Of importance to this study, is the fact that practical work encapsulates both teacher 
demonstrations and activities carried out by learners either working individually and/or in 
groups (Hofstein, 2015). Moreover, Magnusson et al. (1999) offered about nine science 
teachers’ pedagogical orientations, which teachers employ when orchestrating Chemistry 
practical work. Ramnarain, Nampota and Schuster (2016) reported that pedagogical 
orientation has been theorised as an important constituent of PCK. “Orientation” 
according to Magnusson et al. (1999) refers to “teachers’ knowledge and beliefs about 
the purposes and goals for teaching science at a particular grade level” (p. 97). 
Cobern et al. (2010) described four types of pedagogical approaches to teaching science 
as: (1) direct didactic approach; (2) direct interactive orientations; (3) guided inquiry 
orientation; and (4) open inquiry. The direct didactic approach is of importance to this 
study because it entails that a “teacher presents and explains the science concept or 
principle directly to students and illustrate with examples and/or demonstrations” 
(Ramnarain et al., 2016, p. 122). Hence, learners are expected to apply the presented 
knowledge to questions and problems. In agreement with this is Friedrichsen, (2002) who 
also outlined the didactic and academic rigour orientations which science teachers use in 
orchestrating practical demonstrations. Contextual factors such as lack of science 
resources, materials, apparatus and facilities in most Namibian schools, especially those 
in remote areas of which the Oshikoto Region is part, are believed to influence teachers’ 
pedagogical actions on which orientations they would take when teaching science 
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practical work. It is further assumed that against such contextual factors, teachers tend 
to employ the direct didactic approach to teaching Chemistry demonstrations. For 
example, if a teacher intends to teach learners how to measure and record temperature 
using thermometers, in the absence of adequate thermometers, a teacher would use one 
thermometer to demonstrate to the whole class, whereas learners are expected to 
observe and later have a class discussion. This is part of a whole-class practical 
demonstration which is teacher orchestrated, and this is the method hypothesised to be 
used by science teachers in the Oshikoto Region. 
Teachers’ pedagogical orientations are described as being imbedded in their PCK 
(Magnusson et al., 1999). In this study teachers were observed teaching Physical Science 
lessons. The dominant teaching strategy was used as an indicator of a teacher’s 
pedagogical orientations. Semi-structured interviews were used to validate data from 
lesson observations. An instrument based on the theoretical constructs described in this 
chapter was developed to determine the teachers’ pedagogical orientations from 
questionnaires, lesson observations and semi-structured interviews. While the 
development of the instruments for determination of teachers’ pedagogical orientations 
was under the influence of literature (Smolleck, Zembal-Saul & Yonder, 2006) much 
attention was given to teachers’ contextual factors which might have much influence on 
their pedagogical influence. Such contextual factors as environmental conditions of 
teachers’ workplaces (diversity of learners, class sizes, learning and teaching resources 
and timetables), their level of education and their teaching experiences. 
The instrument was designed to measure teachers’ preparedness for inquiry-based 
teaching, determination of the level of inquiry-based teaching implementation, of which 
practical work in an important construct. The levels of inquiry that were adopted in this 
study were as described by Ramnarain (2010). They are confirmation, structured, 
guided/directed and open/undirected as earlier described. The other variable that the 
instrument measured as a determination of teachers’ pedagogical orientations was 
dialogical forms that existed during the lesson. Such attributes as non-dialogical, 
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dialogical-authoritative, student-response, teacher-probing and student-inquiry were 
measured. 
2.7 CONTEXTUAL FACTORS INFLUENCING TEACHERS’ PEDAGOGICAL 
ORIENTATIONS IN CONDUCTING PRACTICAL WORK IN THEIR TEACHING 
Teachers’ pedagogical orientations in conducting practical work in their science classes 
are influenced by many factors. Dillon (2008) reported that in a small-scale survey, carried 
out in the United Kingdom, on the use of practical work in science, it was revealed that 
inadequate time allocated to practical work, lack of equipment, class size and learners’ 
behaviour were seen to be the predominant factors informing teachers’ choices of 
conducting practical work in their science classes. Furthermore, it has been discovered 
that if students behaved badly, the use of hazardous substances such as chemicals or 
burners to carry out practical work would not have been an option (Dillon, 2008). Cheung 
(2008) resonates with Dillon as he similarly noted that in Hong Kong for instance, science 
teachers’ choices of conducting practical work is likewise affected by lack of class time, 
shortage of instructional materials such as chemicals, equipment and apparatus and 
larger class sizes. 
Although there may seem to be many factors influencing teachers’ pedagogical 
orientations in employing practical work in a Namibian science classroom, the following 
are believed to be the most prevailing ones especially in Oshikoto Region where this 
study was carried out: (a) the location of the school; (b) the availability of resources; and 
(c) the number of learners per class. 
2.7.1 Location 
In Namibia, the location of schools may be classified into four categories: city, town, semi-
rural and rural areas. For the first two categories it implies that these schools are located 
within cities and towns respectively. Semi-rural schools are those which are located out 
of town, but not as far as in the rural areas while the rural area school is the one that is 
located deeply in a remote area and is often rated lower in terms of provision of resources. 
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It is a common belief in Namibia that schools that are in cities and towns are better off in 
terms of the provision of resources than schools which are in semi-rural to rural areas. If 
the school is well-resourced, such that there are adequate materials to carry out practical 
work, teachers are believed to conduct as may practical activities as possible. The 
converse is also correct: if the school is in a remote area and there are no resources, 
teachers tend to orchestrate demonstrations instead of learners carrying out practical 
activities as there are no resources, to meet the curriculum requirements. 
2.7.2 Availability of resources 
Instructional resources are said to be “any medium of instruction that assists the 
teaching/learning process whereas teaching practices are all the activities carried out by 
the teacher to facilitate the teaching and learning process” (Moluayonge & Park, 2017, p. 
138). The availability of educational resources is therefore said to be fundamental in 
achieving the goals and objectives of any science curriculum. An approach taken by 
teachers in conducting practical work in teaching is largely influenced by the type of 
resources and facilities available at the school. Generally, the inadequacy of resources 
such as laboratories, chemicals, consumables, tools and equipment and teaching aids 
tend to inform teachers actions in employing practical work in their teaching, as teachers 
are believed to orchestrate demonstrations where they tend to be authoritative in nature 
leaving learners passively engaged in the teaching-learning process (FEMSA, 1997; 
Moluayonge & Park, 2017; Frank & Saxe, 2012; Adefunke, 2008). As a result, teaching 
is thought to be following a direct didactic approach. In this type of teaching approach, 
learners are passive participants and observants of the learning process (FEMSA, 1997). 
Furthermore, Moluayonge and Park (2017) reported that in a study which investigated the 
“challenges to science teachers’ teaching practices” in the Anglophone sub-system of 
education in Cameroon secondary schools, it was revealed that in some instances 
resources are available at the school, but they are left unused because of a teacher’s 
inability to use them or materials going bad or becoming unusable due to how they were 
stored. 
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As reported by the EMIS (2017), about 50% (47 out of 94 secondary schools offering 
Grade 8,) in the region are provided with a laboratory, which makes it difficult for teachers 
at most the schools which are not provided with laboratories in using practical work in 
their teaching. Most Namibian schools also lack building infrastructure which facilitates 
the teaching and learning of science. The researcher deems this environment 
unfavourable and not conducive to conducting science practical work. This study 
therefore recognises a lack of resources, which is a predominant construct in most 
schools in the region as having an impact on teachers’ influences in orchestrating 
demonstrations in Chemistry. Figure 2.4 depicts a real-life situation of a Grade 8 Physical 
Science classroom at one of the schools in the remote areas of Oshikoto Region. 
 
Figure 2.4: A Typical Example of a Physical Science Classroom in Oshikoto Region, Namibia 
Source: Picture taken by the researcher at one of the schools in Oshikoto Region (2018, January) 
 
2.7.3 Number of learners per class 
The influence of class size on science learning has been investigated by researchers. 
Class size is arguably believed to have both a negative and a positive impact on the 
teaching practice. Larger class sizes are relatively difficult to manage in terms of the 
classroom management, student control, marking, planning for assessment activities and 
managing of practical work (Moluayonge & Park, 2017; Wilson, 1996). Based on these 
assertions, one can therefore claim that the larger the class size, the more difficult it is for 
the teacher to facilitate group or whole-class demonstrations. 
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In Namibia, for instance, the current teacher-learner ratio for secondary phase stands at 
1:28 (Namibia. MoEAC, EMIS, 2017). However, in the region there are schools with class 
sizes above this ratio. It is noteworthy that if the ratio of teacher-learner is kept at a 
minimum, it is expected that the output would be maximised as teachers would be able 
to give due attention to all learners as compared to a situation where the teacher-learner 
ratio is larger. The larger teacher-learner ratio is believed to disadvantage learners in a 
sense that the insufficiency or lack of instructional materials impede teachers’ choices in 
orchestrating demonstrations. To this effect, teachers tend to orchestrate the 
demonstrations to the whole class instead of demonstrating to groups of learners. 
Teachers’ demonstrations to groups of learners are believed to assist learners in 
conceptualising the science concept being demonstrated as learners may have an 
opportunity to handle the apparatus and assist the teachers in doing the demonstrations 
(Roth et al., 2006). Despite the NCBE specifications, the latter is seen to be the case in 
Namibia, where on average, especially at rural schools (where this study was carried out), 
the average number of learners per class is above the current teacher-learner ratio. In 
terms of science teaching, this factor could also influence teachers' attitudes in carrying 
out practical work. 
2.8 REVIEW OF LITERATURE ON CHEMISTRY DEMONSTRATIONS 
Demonstrations are said to be fundamental form of practical activities that is apparent in 
the science classes in Namibia and elsewhere in the world. Ramnarain (2010) posited 
that a demonstration “involves learners watching the teacher generating and collecting 
data” (p. 3). During demonstration, learners are expected to link the data collected by the 
teacher or the phenomena they observed to the predictions they made prior to the activity. 
Similarly, in his review of science practical work in Australia, Kidman (2012) resonates 
with Ramnarain as he described a demonstration as an activity carried out by the teacher 
or any other individual, where a teacher would ask students to observe, predict, reflect 
and use their results during a discussion. Correspondingly, Odom and Bell (2015) 
described a demonstration or lecture demonstration (as they are synonymously referred 
to in literature) as referring to learners “watching the teacher do experiments, lecture 
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demonstrations are teacher-led with students passively observing the results, the teacher 
may pose questions or ask for predictions, but students are not physically engaged with 
science materials or socially engaged with peers” (p. 88). Odom and Bell (2015) further 
reported that “although laboratory science became more common in the twentieth 
century, demonstrations have continued to be a mainstay in science classrooms” (p. 87). 
They also contended that demonstrations have two important purposes, which are to 
increase students understanding of the concepts demonstrated, and to increase students’ 
enjoyment of the science class. 
The reason that demonstrations are not yet completely replaced by laboratory science is 
the constraints impeding the successful implementation of practical work in science such 
a lack of resources and larger classrooms, as discussed in the previous section. Against 
that reasoning, science scholars are still hard at work trying to answer the question as to 
whether demonstrations improve student achievement and attitudes towards science. It 
is believed that the plethora of science demonstrations found in science education 
literature would suggest the answer to the questions is yes (Odom & Bell, 2015). On the 
contrary, the National Research Council (NRC) (2006) reports that, “while reading about 
science, using computer simulations and observing teacher demonstrations may be 
valuable, they are not a substitute for laboratory investigations by students” (p. 3). 
Although there seems to be inadequate evidence to support the use of demonstrations in 
science classes to improve achievement and attitudes of science students, Price and 
Brooks (2012) revealed that Chemistry teachers perceive substantial positive effects on 
students’ performance on classroom assignments following demonstrations. 
The value of demonstrations is advocated by the Namibian MoEAC and it is prescribed 
in the Physical Science curriculum that most practical work activities should be achieved 
through demonstrations (Namibia. MoEAC, syllabus, 2015). The benefit of teachers using 
demonstrations in such a context has been recognised. Treagust (2007) points out that 
demonstrations can increase learners’ cognitive involvement. He refers to the POE 
approach by Gunstone (1995) that describes activities where learners are first asked to 
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predict what would happen in a demonstration. Thereafter, they observe the 
demonstration and finally explain what they observed. 
The researcher is an experienced Physical Science teacher with over 10 years in teaching 
Physical Science at JPS in this region and has an interest in understanding how other 
teachers conduct Chemistry demonstrations in their teaching. Most schools in the 
Oshikoto Region, especially in Omuthiya, where the researcher teaches, are under-
resourced in terms of science facilities, such as laboratories.  
2.9 CHAPTER SUMMARY 
This chapter reviewed literature that relates to this study. First studies on the nature and 
role of practical work in science education were reviewed. Next, the expectations of the 
NCBE by means of practical work were situated within the Namibian school science 
curriculum and context. An overview of relevant aspects pertaining to practical work and 
Chemistry demonstrations were discussed. In conclusion, the conceptual frameworks of 
PCK and pedagogical orientations underpinning this study were defined and described in 
relation to their role in teaching science through practically oriented activities. 
The next chapter discusses the research methodology employed during this study. 
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CHAPTER 3 RESEARCH DESIGN AND METHODOLOGY 
3.1 INTRODUCTION 
This chapter describes the methodology employed to investigate Physical Science 
teachers’ pedagogical orientations in Grade 8 teacher-orchestrated Chemistry practical 
demonstrations in Oshikoto Region, Namibia. The study followed the form of a sequential 
explanatory mixed methods. According to Creswell and Plano Clark (2011), an 
explanatory sequential mixed methods involves the initial gathering of quantitative data 
which is followed by the collection of qualitative data that is usually used to provide 
explanations and elaborations of quantitative results. The chapter further describes the 
reasons why specific research methods were chosen over other methods. The outline of 
the chapter comprises the following aspects: research questions, aims and objectives, 
research design and methods, data collection, recording and analysis, issues of 
credibility, validity and trustworthiness, ethical considerations and the limitation of the 
study. 
3.2 RESEARCH QUESTIONS, OBJECTIVES AND AIMS 
In order to establish pedagogical orientations for Grade 8 teachers’ in orchestrating 
Chemistry practical work, the following research question was formulated. 
1. What pedagogical orientations do Grade 8 Physical Science teachers display when 
orchestrating Chemistry demonstrations? 
Based on this, these sub-questions were formulated: 
1.1. To what extent do teachers consider the importance of various learning outcomes 
when orchestrating demonstrations? 
1.2. To what extent do teachers consider the impact of various contextual factors when 
choosing whether to do a teacher-orchestrated demonstration or a learner practical 
activity? 
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1.3. What teacher pedagogical actions are evident during teacher-orchestrated 
demonstrations? 
1.4. How do teachers explain their pedagogical actions during teacher-orchestrated 
demonstrations? 
1.5. Based on teacher pedagogical actions and learning outcomes, what typology or 
classification can be proposed for teacher-orchestrated demonstrations in 
Chemistry? 
 
The aim of this study is to explore pedagogical orientations of Grade 8 teachers when 
orchestrating Chemistry demonstrations. 
To attain the aim of the study, the following objectives were set, namely to: 
1. Determine the extent to which teachers consider the importance of various learning 
outcomes during demonstrations; 
2. Determine the extent to which teachers consider the impact of various contextual 
factors when choosing whether to do a teacher-orchestrated demonstration or a 
learner practical activity; 
3. Identify pedagogical actions science teachers take during Chemistry demonstrations; 
4. Describe how teachers explain their pedagogical actions during Chemistry 
demonstrations; and 
5. Propose a typology of teacher-orchestrated demonstrations in Chemistry. 
3.3 RESEARCH DESIGN 
Creswell (2014) points out that research design encapsulates different types of inquiry 
and/or inquiry strategies within which either quantitative, qualitative or mixed methods 
can be utilised for a research study. McMillan and Schumacher (2001) defined a research 
design as a “plan for selecting subjects, research sites and data collection procedures to 
answer the research question(s)” (p. 166). Moreover, they showed that a sound research 
design is meant for the provision of results that may be judged as credible. This concurs 
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with Durrheim (2004) who also described research design as a “strategic framework for 
action that serves as a bridge between research questions and the execution or 
implementation of the research strategy” (p. 29). The research design adopted for this 
study is a sequential explanatory mixed methods. Creswell and Plano Clark (2011) 
defined mixed methods research as an approach which usually combines both 
quantitative and qualitative data in a single study or sequences of studies in collecting 
and analysing data. They further showed that the centrality of amalgamating the two 
approaches is to enable the researcher to have a thorough understanding of the research 
problem at hand rather than using either approach alone. Mixed methods is also 
described as the “empirical research that involves the collection and analysis of both 
qualitative and quantitative data” (Almalki, 2016, p. 291). McMillan and Schumacher 
(2010) also share the same sentiments as they postulated that the aim of using mixed 
methods is to ensure and enhance credibility of findings from different methods. Also, a 
mixed methods approach provides more comprehensive data and compensates for 
limitations with a single method. Additionally, Creswell, Plano Clark and Garrett (2008) 
indicated that “mixed methods seek elaboration, enhancement, illustration and 
clarification of the results” (p. 127). Table 3.1 provides an outline of the data sources, 
collection and analysis process followed in this study. 
Table 3.1: Sources of Data, Collection and the Analysis Method 
Type of data Sources Date of collection Mode of analysis 
Questionnaire 
survey 
87 Grade 8 Physical 
Science teachers 
January-February 2018 The statistical analysis 
of all quantitative data 
was done using the 
IBM SPSS 
Classroom 
observations 
10 Grade 8 Physical 
Science teachers 
selected from teachers 
who opted to do 
teacher-orchestrated 
demonstrations from the 
questionnaire survey.  
April 2018 Narrative and thematic 
analysis 
Semi-structured 
interviews 
10 Grade 8 Physical 
Science teachers 
selected from teachers 
who opted to do 
April 2018 Narrative and thematic 
analysis 
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teacher-orchestrated 
demonstrations from the 
questionnaire survey 
and whose lessons were 
observed doing teacher-
orchestrated 
demonstrations. 
 
For a sequential explanatory mixed methods approach, qualitative data are used to 
explain and elaborate quantitative findings (McMillan & Schumacher, 2010). McMillan and 
Schumacher further explained that quantitative and qualitative data collection is 
implemented in two phases, with the primary emphasis on quantitative methods. First 
quantitative data are collected, and this is followed by qualitative data. 
McMillan and Schuster (2010) posited that an explanatory design is usually used when 
the collection of quantitative data is clearly necessary, and this needs elaboration by a 
supplementary analysis using qualitative methods. 
In this study, the researcher used two separate phases to answer the research questions 
with respect to the pedagogical orientations Grade 8 Physical Science teachers display 
when orchestrating Chemistry demonstrations. In the first phase the researcher used a 
quantitative questionnaire survey which employed purposeful sampling techniques (see 
detailed discussion under 3.5.). In the second phase, the researcher employed qualitative 
classroom observations and in-person semi-structured interviews to gain an insight into 
teachers’ pedagogies when teaching science through practical work in terms of contextual 
factors and their impacts on teachers’ preference for either orchestrating demonstrations 
or using learner practical activities, as well as the pedagogical actions evident during 
teacher-orchestrated demonstrations. Although this study is primarily quantitative, the 
findings that emerged from the quantitative survey were elaborated and explained by 
means of qualitative findings from classroom observations. The in-person interviews 
enriched the study by providing insights into teachers’ pedagogical actions when 
orchestrating Chemistry demonstrations. The researcher believes that the description of 
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these phases sits well with McMillian and Schumacher (2010) context of using 
explanatory design that “when quantitative data collection is clearly warranted and follow-
up analysis – specifically, using qualitative methods – is necessary to elucidate the 
quantitative findings” (p. 401). Figure 3.1 depicts a sequential explanatory mixed methods 
approach. 
 
Figure 3.1: Sequential Explanatory Mixed Methods Approach  
Source: Adapted from Creswell and Plano, 2007). 
 
Figure 3.2, the sequential explanatory mixed methods involve the gathering and analysis 
of quantitative data followed by the collection and analysis of qualitative data and both 
data are then interpreted as earlier described. According to Terrell (2012) quantitative 
results are explained by primarily focusing on and exploring certain results in more detail 
in helping to explain unanticipated results by conducting follow-up interviews to be in a 
better position to understand the results of a quantitative study. 
3.4 RESEARCH METHODS 
Almalki (2016), suggested that research methods are the “instruments and/or tools that 
researchers employ while they administer any form of inquiry or investigation” (p. 290). 
Similarly, Creswell (2009) noted that a research method entails the process of collecting, 
interpreting and analysing data, which researchers chose for their studies. Therefore, the 
following phases of data collection were employed in this study: site selection, gaining 
access, sampling, collecting and recording data (Creswell, 2009). 
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3.4.1 Site selection 
As this study aimed at establishing the pedagogical orientations and pedagogical actions 
supposedly conducted by the Chemistry teachers when orchestrating practical 
demonstrations, the sites chosen were all secondary schools in Oshikoto Educational 
Region because the researcher is a Physical Science teacher in this region and has a 
special interest in understanding how other teachers conduct practical work in their 
classes. In phase 1, the study was carried out at all schools with Grade 8 and offering 
Physical Science in the region. Grade 8 is the first grade in the JSP from primary school 
level where learners transit from the subject Natural Science and Health Education 
(NSHE) to Physical Science. The researcher distributed questionnaires to all these 
schools. Approximately 200 questionnaires were distributed. Most of these schools are 
based in the rural areas and have either one or two Physical Science Grade 8 to 10 
teachers. For phase 2, the researcher observed 10 teachers from a pool of teachers who 
opted for teacher-orchestrated demonstrations in phase 1. The questionnaire was 
designed to survey how teachers orchestrate Chemistry demonstrations within classroom 
settings. These teachers were further interviewed in their own natural settings, to explain 
their actions and intentions in orchestrating demonstrations. The selection of these 
teachers was purposive because the researcher opted for teachers who are within the 
researcher’s reach for ease of administration. 
3.4.2 Gaining access and obtaining permission 
The researcher applied to the Oshikoto Education Regional Directorate for permission to 
conduct a research study in the region and this was granted. The researcher also 
obtained written permission letters from the inspectors of education (see Appendices A3 
and A4 for the letters). By means of phone conversations, the researcher contacted 
school principals and the concerned teachers two days prior to a school visit. Upon arrival 
at schools, the researcher explained to teachers the rationale behind the study and 
thereafter distributed the questionnaires and the research information sheets that detailed 
the purpose of the study and teachers’ expected roles in the study. The research 
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information sheet also contained information such as teachers’ voluntary participation in 
the study which informed them about their consents to withdraw from the study and that 
if they may choose to withdraw from the study, they can do so at any stage during the 
process without providing any reason. In addition, the researcher assured teachers about 
the confidentiality of information collected from them, meaning that it would only be used 
for the study and not for other purposes; therefore, in reporting the findings of this 
research, teachers’ names have been replaced with pseudonyms. 
The process of questionnaire distribution provided a platform for the researcher to engage 
participants in discussions about their role in the study. This helped in building a working 
relationship between the teachers and the researcher. Some teachers phoned the 
researcher and asked for assistance when completing the questionnaires. Most school 
principals supported the researcher by enabling him to see their teachers during normal 
teaching for classroom observations. Interview sessions were arranged with the 10 
teachers. These interviews were conducted in the afternoons, after the school day. 
3.5 SAMPLING 
The selection of participants is a major aspect of this research. The researcher sought an 
appropriate sampling technique that will guarantee a valid conclusion about the 
population from which the sample is drawn. Generally, there are two types of sampling 
methods; probability and non-probability sampling. In probability sampling “subjects are 
drawn from a larger population in such a way that the probability of selecting each 
member of the population is known” (McMillan & Schumacher 2010, p. 129). In a non-
probability sampling, subjects are drawn from available and accessible population or 
participants who portray the desired characteristics. 
In this study, a non-probability sampling, otherwise known as purposive sampling 
technique, was adopted. For the quantitative phase, 87 teachers returned the 
questionnaire. However, the initial sample was approximately 200 teachers who teach 
Physical Science at Grade 8 level at all schools in Oshikoto Region. The researcher is a 
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Physical Science teacher from this region and has a special interest in teaching Physical 
Science through practical work: hence this sample. The focus was on Grade 8 because 
the Namibian curriculum specify practical activities to be covered at this grade. 
For a qualitative phase, the researcher used purposeful sampling because his interest is 
in Chemistry Grade 8 teachers’ pedagogical orientations in conducting practical 
demonstrations; therefore Grade 8 Physical Science teachers were purposefully selected 
for this study. From a pool of 87 teachers who returned the questionnaire, 10 teachers 
were purposefully selected by looking at their preferences for choosing to orchestrate 
Chemistry practical demonstrations. 
3.6 COLLECTING AND RECORDING DATA 
As this study followed a sequential explanatory mixed methods approach, the data 
gathering process was divided into two phases. The first phase involved a quantitative 
data collection by means of a questionnaire survey whereas the second phase collected 
qualitative data through classroom observations and semi-structured interviews. This 
research gave priority to the quantitative data, where qualitative data were used to seek 
elaborations into quantitative findings, as the primary data collection is quantitative. 
3.6.1 Questionnaire survey 
As earlier discussed in Section 3.3, a varied number of research methods were employed 
to generate data. One of these methods was the questionnaire which was used for 
collecting quantitative data and provided numeric descriptions of teachers’ pedagogical 
orientations when conducting practical demonstrations. The data for phase 1 was 
collected by means of a questionnaire. The questionnaire used in this study was adapted 
from an online survey in the United Kingdom administered by Durham University called 
“Practical Work in Science – Science Teachers Survey”. The changes to the “Practical 
Work in Science – Science Teachers Survey” mainly involved terms and phrases to 
ensure contextual relevance. The questionnaire was structured into sections that 
comprised items relating to learning outcomes of Chemistry demonstrations, the impact 
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of contextual factors on the types of demonstrations, and teacher pedagogical actions 
during demonstrations (see Appendix A1 for the questionnaire sample). The adapted 
questionnaire was piloted with three Namibian Grade 8 Physical Science teachers to 
establish the readability of items. From the piloted questionnaire, it proved that most items 
of the questionnaire were easily readable and well interpreted by all the participants and 
hence there was no need to change the items. Approximately 200 questionnaires were 
distributed to all Grade 8 Physical Science teachers from the schools in Oshikoto Region, 
Namibia by the researcher. The researcher travelled to all the schools that offered 
Physical Sciences as an elective subject at Grade 8. Participants were given one week 
to complete the questionnaires at their own convenience and after this, the researcher 
collected the completed questionnaires from teachers and from the eight educational 
circuits in the Oshikoto Region. 
3.6.2 Classroom observations 
In the second phase, qualitative data were collected by means of classroom observations 
and semi-structured interviews. In this phase, findings that emerged from the survey were 
subjected to further investigation. According to Bertram and Christiansen (2015) the 
observer is usually expected to gain instantaneous information by going to the site of the 
research study. The researcher arranged with teachers at least two days in advance 
before visiting their schools to observe them conducting practical demonstrations in their 
Chemistry lessons. A sample of 10 teachers for this phase was selected from the pool of 
teachers who had indicated a preference for teacher-orchestrated demonstrations in the 
questionnaire. These teachers were a representative of the available and accessible 
population for the study. This was the primary criterion. The secondary criterion in the 
selection of these teachers was convenience, so the teachers were in close proximity to 
the school where the researcher teaches. 
Classroom practices of Chemistry demonstrations were observed, and video recorded. 
The 10 teachers were observed by the researcher to establish their pedagogical actions 
when orchestrating demonstrations. These actions were compared with the responses 
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they gave in the questionnaire. The researcher evaluated teachers’ classroom actions by 
using a checklist (see Appendix A10 for classroom observation checklist) that was 
compiled from question 8 of the questionnaire survey that solicited data on pedagogical 
actions when doing demonstrations. The video data were later transcribed, coded and 
classified (Mouton, 2001) according to the pedagogical actions taken by the teachers. 
This process was guided by the trends and patterns which had emerged from the analysis 
of the questionnaire data in relation to the pedagogical actions. Subsequently, the lessons 
for all the focused 10 teachers from a pool of 87 teachers who returned the questionnaires 
were observed for qualitative analysis, to further establish the different pedagogical 
orientations they employed in Chemistry practical demonstrations as well as to gain an 
insight as to what contextual factors  had led teachers to orchestrate demonstrations in 
their classes. 
A researcher-designed observation schedule was used to assess classroom 
communicative interactions and teacher-learner relationships during the observation of 
classroom practices of Grade 8 Chemistry lessons. The observation schedule is a 14-
item checklist on teachers’ pedagogical actions directly derived from questions 8.1–8.14 
of the questionnaire completed by the teachers. As teachers presented their lessons and 
orchestrated demonstrations, the researcher assessed their lesson delivery by either 
ticking yes or no against the teachers’ actions in orchestrating their demonstrations, as 
defined in Chapter 2 (under Section 2.5.2). 
3.6.3 Semi-structured interviews 
Semi-structured interviews were conducted immediately after classroom observations. 
The purpose of using semi-structured interviews was to seek elaborations on Physical 
Science Grade 8 teachers’ pedagogical actions when orchestrating Chemistry 
demonstrations. This was done in accordance with the responses teachers gave in the 
questionnaire and to what the researcher had observed. According to Cohen and 
Crabtree (2006), with semi-structured interviews, there is usually a pre-interview guide 
that “provides a clear set of instructions for interviewers and can provide reliable, 
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comparable qualitative data” (p. 1). Furthermore, using the semi-structured interviews, 
the researcher usually already has a list of questions ahead of time, allowing the 
interviewer to be more prepared and competent during the interview (Cohen & Crabtree, 
2006). With this approach participants are always at liberty to express their views in their 
own words as the interview is usually open-ended. Also, Maree (2011) indicated that in 
semi-structured interviews, an interviewer had an opportunity of probing and clarifying 
answers from the interviewee by asking follow-up questions if the response(s) provided 
is/are not to his/her satisfaction. 
In this study, semi-structured interviews were used to gain insight into why participants 
chose teacher-orchestrated Chemistry demonstrations. Participants were asked to 
elaborate on their responses to the questionnaire as well as their actions in orchestrating 
classroom demonstrations. The completed questionnaires were made available to 
teachers during the interviews for reference. For example, teachers who rated the impact 
of learning outcomes as “highly important” on a teacher-orchestrated demonstrations in 
the questionnaire were asked to explain their choices. Similarly, teachers who indicated 
that they “began their demonstration by asking learners to make predictions on what will 
happen” were also asked to elaborate upon their reasons for these choices. Interviews 
were audio-recorded and then transcribed for a detailed analysis. Teachers’ responses 
were coded deductively and then classified to determine patterns in explanations for 
options chosen in the questionnaires. These patterns were subsequently translated as 
assertions (Gallagher & Tobin, 1991) which were discussed in detail by means of excerpts 
from the interview data. 
3.7 DATA ANALYSIS 
After data were collected, the next step was to make meaning of it through the process 
of data analysis. According to Merriam (2009), data analysis entails the procedures that 
researchers use in answering their research questions. In this study, several sources of 
data were identified, namely the questionnaire survey, classroom observation and 
interviews which formed part of the primary data sources, and the literature review which 
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provided an in-depth understanding into secondary data sources. To this end, the 
researcher made sense of the data which he gathered through the above approaches. In 
terms of the questionnaires, the researcher analysed teachers’ responses by means of 
their school locations, their experiences in teaching Physical Science, availability of 
resources at their respective schools and in terms of the number of science laboratories. 
Additionally, from the questionnaire data, the researcher also analysed teachers’ 
responses by means of the number of learners in their Physical Science classes, and the 
lesson time factor was also analysed to determine the total time allocated for practical 
work per week. The researcher also analysed teachers’ responses in terms of their 
preferences for a teacher-orchestrated demonstration. 
Both the transcriptions of qualitative data collected by means of classroom observation 
and semi-structured interviews were initially coded to facilitate the process of data 
analysis. According to Saldaña (2015), a code is described as a “word or short phrase 
that symbolically assigns a summative, salient, essence-capturing, and/or evocative 
attribute for a portion of language-based or visual data” (p. 3). Charmaz (2006) also 
described a code as a descriptive paradigm which a researcher designs to help him in 
capturing the primary content or essence of the data. Charmaz (2006) further maintained 
that coding is the “pivotal link between data collection and explaining the meaning of the 
data” (p. 46). In Smith and Davies’ (2010) views, coding “does not constitute the totality 
of data analysis, but it is a method to organise the data so that underlying messages 
portrayed by the data may become clearer to the researcher” (p. 155). Ideas suggested 
by these scholars enabled the researcher to develop codes and a codebook, based on 
the pedagogical orientations that teachers display when orchestrating demonstrations. 
These codes and the codebook consequently assisted the researcher in capturing the 
data. 
This study employs a grounded theory as one of the approaches in qualitative research. 
According to Saldaña (2013), this approach comprises six coding techniques which a 
qualitative researcher may employ during data analysis which are usually used in a two 
coding cycles. These techniques are: in-vivo coding, process coding, initial (open) coding, 
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focused coding, axial coding and theoretical coding. Usually, during the first cycle of 
coding, in-vivo coding, process (action) coding and initial (open) coding are used, 
whereas the second cycle of data coding includes focused, axial and theoretical coding 
(Saldaña, 2013). 
For qualitative analysis, the following techniques were used: in-vivo coding, process 
(action) coding and initial coding. According to Theron (2015), with in-vivo, the coding is 
done by using verbatim phrases which are usually inscribed in inverted commas as 
provided by the participants whereas process (action) coding involves using phrases 
which capture the actions of the participant. Initial (open) coding comprises the process 
of breaking down the data into distinct portions and then coding the data using in-vivo 
coding or any other coding techniques. 
3.7.1 Data from questionnaires 
The questionnaires which were used to collect quantitative data were deductively 
analysed to address research objectives one, two and three. The questionnaire data were 
analysed descriptively and statistically using IBM’s SPSS software which involved the 
calculation of percentages and generation of graphs. These were done for questionnaire 
items which requested teachers to rate contextual factors which informed their choices of 
orchestrating practical demonstrations, learning outcomes for practical demonstrations 
and their pedagogical actions. Such information was used to explain quantitative data 
because it established primarily the actions and contextual factors which the researcher 
believed to influence teachers’ preferences when doing Grade 8 Chemistry practical 
demonstrations. 
3.7.2 Data from classroom observations 
During the second phases of the data collection process, qualitative data were collected 
through classroom observation. Classroom interactions and demonstrations were 
videotaped from the beginning of each lesson for the 10 teachers. During classroom 
observation, the researcher asked learners from other classes to assist him with 
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videotaping the lessons while he was completing the checklist against teachers’ actions. 
Such data were transcribed and coded for further analysis. The coding and classifying 
data into categories and assertions was done using ATLAS.ti 7 software. In addition, the 
researcher developed codes for the video transcripts. These includes the lesson phase 
(i.e. the introduction, the demonstration and/or conclusion), the teachers’ pedagogical 
actions (i.e. instructions, actions during the demonstration) and learners’ actions (i.e. 
handling the apparatus, making observations, asking questions, completing the 
worksheet). The initial coding process involved the researcher reading through the 
transcripts several times to establish the relevance of the responses. After this initial 
coding by the researcher, two fellow University of Johannesburg students, a masters of 
education (MEd) and doctoral (PhD) both in the field of science education were also 
provided with a codebook to code the same transcripts to establish the validity, reliability, 
relevance and readability of all the codes. Only after this process that all transcripts were 
deductively coded. The data were later reduced to assertions which used the Saldaña 
(2009) coding technique as shown in Figure 3.2. 
 
Figure 3.2: Saldaña’s (2009) Codes Theory Model for Qualitative Inquiry 
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3.7.3 Data from semi-structured interviews 
Audio-recorded data collected by means of semi-structured interviews were transcribed 
and coded. The transcribed data were also further analysed using ATLAS.ti 7 by means 
of thematic analysis (TA) for qualitative analysis. TA, according to Clarke and Braun 
(2013) is described as a “method for identifying and analysing patterns in qualitative data” 
(p. 3). Similarly, Braun and Clarke (2006) outlined the “six phases model” of TA which 
should be regarded as being linear whenever one is to use it in analysing qualitative data, 
he/she cannot continue from one phase to the next, without completing the previous 
phase correctly. The six phases of TA are: (a) familiarisation with the data; (b) coding; (c) 
searching for themes; (d) reviewing themes; (e) defining and naming themes; and (f) 
writing up (Braun & Clarke, 2006). 
3.8 ISSUES OF CREDIBILITY, VALIDITY AND TRUSTWORTHINESS 
Every research study aims at ensuring that such research complies with the issues of 
credibility, validity and trustworthiness, as was this research study. With regard to the 
questionnaire, as the researcher distributed all the questionnaires to participants, he 
made efforts to explain the questionnaire in full and what was expected of them. The 
researcher did this to improve the credibility of data to be collected as teachers completed 
the questionnaire at their own convenience and the researcher had no influence on their 
responses. According to Merriam (2009), “all research is concerned with producing valid 
and reliable knowledge in an ethical manner” (p. 209). Conclusively, the validity and 
reliability of the data were verified by means of strategies and checks provided by Merriam 
(2009). 
• Triangulation: Different and multiple sources were used to confirm emerging findings. 
These sources included the questionnaire, lesson observations and interviews from 
the study. 
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• Member checks: Data were checked, and tentative interpretations were verified with 
the participating teachers. This was done to ensure that the participating teachers 
agreed with and confirmed the correctness of the information they provided. 
• Peer review: The researcher continuously engaged in dialogues with participating 
teachers and University of Johannesburg postgraduate students doing qualitative 
research studies on the process of tentative findings as they emerged. 
• Rich descriptions: A step-by-step description of events has been followed to make it 
easy for readers to contextualise the study. The researcher has kept field notes of how 
the study revolved. 
3.9 ETHICAL CONSIDERATIONS 
The researcher applied to the Ethics Committee of the Faculty of Education, University of 
Johannesburg for ethical clearance certificate and this was granted (see Appendix A5 for 
a copy of the ethical clearance certificate). In addition, the researcher submitted a request 
to the Directorate of Education (DoE), Oshikoto Region, Namibia to conduct an 
educational study with Grade 8 Physical Science teachers (see Appendix A2 for the 
request letter to conduct the study). Upon the permission of the DoE, the researcher 
proceeded to the eight Inspectors of Education in Oshikoto Region, principals and 
teachers to inform them of the approval of Ethics Committee and the DoE to undertake 
the study. The next sections give further description of the ethical considerations for the 
study. 
3.9.1 Informed consent 
The researcher engaged the participating teachers on their roles, the benefits and risks 
involved in the study. Thereafter, the consent forms were given for them to provide their 
written consent. Participants whose classroom activities were video-recorded and who 
were interviewed also agreed to provide written consent (see Appendix A6 for Informed 
Consent/Assent form). 
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3.9.2 Voluntary participation 
During the familiarity meeting, participants were informed that their participation was 
voluntary, and they could withdraw from the study at any stage without providing reasons. 
Teachers indicated their willingness to participate in this study willingly by signing the 
consent forms. 
3.9.3 Confidentiality, anonymity and privacy 
Participating teachers were informed about the measures taken to ensure confidentiality, 
privacy and anonymity. Participants were therefore not required to write their names on 
the questionnaires and their school names were not used anywhere in the data analysis. 
Additionally, participants were informed that the data collected from them would only be 
used for the research purposes. 
3.10 CHALLENGES FACED DURING THE STUDY 
The first phase of the study focused on a very large number of participants, nearly 200 
Grade 8 Physical Science teachers in Oshikoto Region, Namibia participated in the study. 
The fact that some schools in the region are far apart proved difficult from the onset to 
get the teachers to participate in the study. Some school principals and inspectors of 
education responded poorly to the request sent to them by the researcher to conduct the 
study in their schools and circuits respectively. 
As earlier shown, most schools in the region have only one or two Physical Science 
teachers for Grades 8–10, even though most of these schools are secondary schools, 
having up to Grade 12, which made the study overrun deadlines. 
Exactly 200 questionnaires were personally handed to the teachers by the researcher. 
Getting all the questionnaires from the participants proved challenging as some teachers 
indicated having misplaced the questionnaires. Some teachers claimed to have handed 
back completed questionnaires to their principals to deliver them to the circuit offices 
where the researcher arranged to collect them from. Due to some of these circumstances 
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beyond the researcher’s control, only 87 completed questionnaires were returned, 
although during the familiarity meeting with the teachers, they seemed motivated to 
participate in the study. Thus, the researcher had limited control of the time frame to 
complete the study. 
3.11 CHAPTER SUMMARY 
The chapter provided a methodological approach followed in the study. A sequential 
explanatory mixed methods was adopted to collect data for the study. By this means, 
qualitative data were collected as a follow-up analysis of the quantitative results. A 
detailed description of the research instruments employed, as well as issues that 
pertained to the credibility, validity and trustworthiness of data were discussed. The 
chapter ends with ethical considerations, limitations and challenges encountered during 
the study. 
The next chapter presents and discusses the quantitative findings obtained from the 
questionnaire survey and the qualitative data gathered through classroom observations 
as well as semi-structured interviews. 
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CHAPTER 4 DATA PRESENTATION, ANALYSIS AND FINDINGS 
4.1 INTRODUCTION 
This research study investigated Grade 8 teachers’ pedagogical orientations when 
orchestrating Chemistry practical demonstrations in Oshikoto Region, Namibia. This 
chapter presents and discusses the results obtained from this study. It begins by 
presenting the contextual information and settings of the schools where the research was 
carried out and presents the profile of teachers who participated in the study in terms of 
the following seven biographical details: (a) teacher’s school location; (b) years of 
teaching experience; (c) grades taught; (d) subjects taught; (e) teacher’s qualifications in 
science; (f) availability of resources at school; and (g) the number of science laboratories. 
In the second place, the chapter presents the quantitative results obtained from the 
questionnaire. The analysis of the data gathered in this section is meant for answering 
the following research sub-questions: “to what extent do teachers consider the 
importance of various learning outcomes when orchestrating demonstrations?’” “to what 
extent do teachers consider the impact of various contextual factors when choosing 
whether to do a teacher-orchestrated demonstration or a learner practical activity?” and 
“what teacher pedagogical actions are evident during teacher-orchestrated 
demonstrations?” This is followed by the analysis of qualitative results obtained from the 
classroom observations and semi-structured interviews with the teachers which is meant 
to answer the following research sub-questions: “how do teachers explain their 
pedagogical actions during a teacher-orchestrated demonstration?” and “based on 
teacher pedagogical actions and learning outcomes, what typology or classification can 
be proposed for teacher-orchestrated demonstrations in Chemistry?” The analysis of 
qualitative data is meant to seek elaborations of some of the quantitative results. The 
summary of findings obtained from all sources is then presented in an attempt to answer 
the main research question, which is: 
What pedagogical orientations do Grade 8 Physical Science teachers display 
when orchestrating Chemistry demonstrations? 
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4.2 CONTEXTUAL INFORMATION AND TEACHERS’ PROFILES 
The questionnaires were distributed to Grade 8 Physical Science teachers at 94 schools 
in Oshikoto Region, in Namibia. Exactly 200 questionnaires were distributed and 87 of 
these were returned. The majority of the schools, (more than 80%) are clustered together 
in a rural area, with only a few schools located in two major towns of the region, where 
the farthest town is approximately 300 km away from the rest of the schools (see 
Appendix A7 for school demographic information). However, most of the schools that are 
clustered together, are within 100 km from where the researcher is based, making it much 
easier for the researcher to do classroom observations and interviews. The statistical 
analysis of all quantitative data was done using the IBM SPSS and all qualitative data 
were analysed by ATLAS.ti 7. Table 4.1 summarises descriptive statistics of teachers’ 
profiles obtained from the quantitative questionnaire employed for phase 1 in the study. 
Table 4.1: The Profile of Teachers who Participated in the Study 
Biographical information Category Frequency 
 
School location 
City 0 
Town 7 
Semi-rural* 16 
Rural 64 
 
Years of teaching experience 
0 – 5 years 33 
6 – 10 years 31 
11 – 15 years 13 
15+ years 10 
 
Grades taught 
Grade 5 – 7 4 
Grade 8 – 10 81 
Grade 11 – 12 2 
 
Subjects taught 
NSHE 3 
Maths 15 
Life Science 6 
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* A semi-rural school is an out-of-town school which enjoys the advantages of the services of a town. 
These results indicate that 64 of these teachers (73.6%) are teaching at rural area 
schools, 16 teachers (18.4%) are teaching at semi-rural schools and only seven of these 
teachers (8.0%) are teaching at town schools. In terms of teaching experience, 33 
teachers (37.9%) have a teaching experience of 0–5 years, who are thus relatively novice, 
31 teachers (35.6%) have a teaching experience of 6–10 years, 13 teachers (14.9%) have 
11–15 years of teaching experience and only 10 teachers (11.5%) are more experienced 
as they have a teaching experience of 15 years or more. The results also indicate that 81 
Physical Science 63 
 
Teacher’s qualifications in science 
None 6 
ACE in Physical Science 7 
Teaching diploma in Physical 
Science 38 
Science degree 2 
Education degree in Physical 
Science 8 
Honours degree in science 
Education 19 
Honours degree in science 4 
Master’s degree in science 
Education 2 
Master’s degree in science 0 
Others 1 
 
Availability of resources to do practical work at 
school 
No resources 28 
Poorly resourced 37 
Adequately resourced 17 
Well-resourced 5 
 
Number of science laboratories 
None 62 
Single 19 
Multiple (more than 2) 6 
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teachers (93.1%) teach either Grade 8, 9 or 10, whereas 4 teachers (4.6%) teach from 
Grade 4 up to 10 and only two teachers (2.3%) teach up to Grade 12. This can be 
attributed to the fact that most of the schools in the region are combined (a combined 
school in Namibia includes all phases, either from Grade 0 to 10 or 12). The results of the 
quantitative questionnaire further reveal that 78 teachers (89.7%) teach Mathematics and 
Physical Science whereas 9 teachers (10.3%) teach either NSHE or Life Science. Of the 
total number of teachers, 74 teachers (85.1%) are qualified to teach Physical Science as 
they either possess, a teaching diploma, Advanced Certificate in Education (ACE), 
Bachelor’s degree (BEd), Honours degree (BEd, Hons) or a Master’s degree (MEd) in 
Physical Science or Science Education, 6 teachers (6.9%) are unqualified to teach 
Physical Science as they do not possess any formal qualification to teach Physical 
Science and the rest of the teachers (8%) either possess a BEd, BEd Hons or an MEd in 
Science. 
Quite a large number of teachers, 65, indicated that their schools are poorly resourced 
and/or there are no resources at their schools (74.7%), 17 teachers indicated that their 
schools are adequately resourced (19.5%) and only five teachers indicated that their 
schools are well-resourced (5.7%). (see Appendix A9 for resource availability to do 
practical work at schools). In terms of the number of Physical Science laboratories 
available at schools, 62 teachers (71.3%) indicated that there are no laboratories at their 
schools whereas 25 teachers (28.7%) showed that their schools have one or more 
Physical Science laboratories. 
4.3 ANALYSIS OF QUANTITATIVE RESULTS FROM THE QUESTIONNAIRE 
As already presented in Chapter 3, the questionnaire used in this research study survey 
is adapted from an online survey in the United Kingdom administered by Durham 
University called “Practical Work in Science – Science Teachers Survey.” The changes 
to the “Practical Work in Science – Science Teachers survey” mainly involves terms and 
phrases to ensure contextual relevance. It comprises three sections, A, B and C. Section 
A focused on personal and school details of the teachers (as presented in Section 4.2), 
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Section B, related to practical work in Chemistry and Section C, presented a teaching-
learning scenario of which participants were asked to explain how they would present a 
lesson in the scenario in terms of their preferences, either to do a teacher-orchestrated 
demonstration or to entrust learners with practical activities, and to provide reasons for 
their choices. 
The findings from this study are presented in terms of teachers’ preference for either 
doing a teacher-orchestrated demonstration or entrusting practical work to learners, 
considerations of the impact of various learning outcomes informing their decisions in 
orchestrating practical demonstrations, considerations of the impact of various contextual 
factors (lack of resources, large class sizes and timetabled time) in orchestrating 
demonstrations and the application of pedagogical actions during Chemistry 
demonstrations. 
4.3.1 Teachers’ preferences in teaching practical work 
Of the total number of teachers, 49 teachers (56.3%) preferred teaching science through 
a teacher-orchestrated practical demonstration whereas 38 teachers (43.7%) preferred a 
learner practical activity. In the next sections, the impact and the influence of such 
contextual factors, the importance of learning outcomes, the impact of various contextual 
factors and the pedagogical actions evident during teacher-orchestrated demonstrations 
are presented. The preference for teacher-orchestrated demonstrations is therefore 
considered the common form of pedagogy employed by teachers in Oshikoto Region and 
therefore recognised and discussed in this section. 
In an attempt for the researcher to answer research sub-questions 1.1, 1.2 and 1.3, which 
are: “to what extent do teachers consider the importance of various learning outcomes 
when orchestrating demonstrations?”, “to what extent do teachers consider the impact of 
various contextual factors when choosing to do a teacher-orchestrated demonstration or 
a learner practical activity?” and “what teacher pedagogical actions are evident during 
teacher-orchestrated demonstrations?” respectively, a number of items on the 
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questionnaire required teachers to express their views about: (a) the considerations of 
the importance of various learning outcomes in orchestrating Chemistry demonstrations 
(questions 9.1 – 9.6); (b) the considerations of the impact of various contextual factors in 
choosing whether to do a teacher-orchestrated demonstration or a learner practical 
activity (questions, 11.1–11. 10); and (c) evident pedagogical actions during a teacher-
orchestrated demonstration (questions 8.1–8.14). Teachers’ responses are therefore 
summarised against the questionnaire items which assessed the aspects described 
above. 
4.3.2 The importance of various learning outcomes in orchestrating Chemistry 
demonstrations 
Question 9 in the questionnaire focused on six learning outcomes for teacher-
orchestrated demonstrations as presented hereunder: 
1. To help learners understand a science concept; 
2. To motivate learners in science; 
3. To stimulate interest in science; 
4. To develop science skills such as handling an apparatus; 
5. To help learners to observe physical changes in science phenomena; and 
6. To support learners and develop social skills. 
Teachers were requested to rate the envisaged learning outcomes for teacher-
orchestrated demonstrations. The outcomes were to be rated on a 5-point Likert scale, 
where 1 indicated that the learning outcome is “unimportant”, 2 indicated that the learning 
outcome is “of little importance”, 3 indicated that the learning outcome is “moderately 
important”, 4 indicated that the learning outcome is important and 5 indicated that the 
learning outcome is “highly important”. Figure 4.1 summarises teachers’ responses. 
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Figure 4.1: The Learning Outcomes for Orchestrating Chemistry Demonstrations 
 
It emerged from this analysis that most teachers recognise the importance of these 
learning outcomes when orchestrating Chemistry demonstrations. For instance, the great 
majority of the teachers (97.7%) rated the learning outcome on “helping learners to 
understand a science concept” as having as highly important, whereas a small number 
of teachers (2.3%) rated this learning outcome as “of little importance” or being 
“unimportant” in their choices of orchestrating Chemistry demonstrations. On the second 
learning outcome which is about “motivating learners in science”, most teachers (95.4%) 
rated that this learning outcome as moderately to highly important in their choices while 
only 4.6% of teachers regarded this learning outcome as not having any major impact in 
their choices. In their response to a questionnaire item which focused on the learning 
outcome on helping to “stimulate learners’ interest in science”, similarly many teachers 
(95.4%) indicated this as having a greater impact in their choices on orchestrating 
Chemistry demonstrations, whereas about 4.6% indicated that this is of little importance 
to their choices. Furthermore, a large number of teachers (93.1%) rated that the learning 
outcome on “helping learners to develop a science skill, i.e. handling and apparatus” also 
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has a vital impact on their decisions to orchestrate Chemistry demonstrations in their 
classrooms, leaving only an insignificant number of teachers (6.9%) who reported that 
this has little or no importance in their choices of orchestrating Chemistry demonstrations. 
Figure 4.1 also shows that many teachers (95.4%) rated high the importance of a teacher-
orchestrated demonstration as “helping learners to observe physical changes in science 
phenomena”, whereas quite a few teachers (4.6%) indicated that this is not important in 
informing their choices. Lastly, on the last learning outcome, which was on “helping to 
support learners to develop social skills”, about 96.6% of teachers showed that this 
learning outcome, has major impacts in their decisions in orchestrating practical 
demonstrations and only about 3.4 % of teachers who viewed this as unimportant. These 
results clearly indicate that teachers’ choices in orchestrating Chemistry practical 
demonstrations are benchmarked against their considerations of the stated envisaged 
learning outcomes. 
4.3.3 The impact of various contextual factors informing teachers’ preferences 
for teacher-orchestrated demonstrations 
Question 11 in the questionnaire is aimed at answering research sub-question 1.2 which 
addresses the extent to which teachers consider the impact of various contextual factors 
when choosing whether to do a teacher-orchestrated demonstration or a learner practical 
activity. The questionnaire items (11.1–11.10) asked teachers to rate the impact of 
various contextual factors in informing their choice to do either a teacher-orchestrated 
demonstration or a learner practical activity. Teachers were asked to rate the degree of 
the impact of contextual factors on a scale of 1 to 5, where 1 indicated “no impact” and 5, 
indicated a “high impact”. Teachers were instructed to view each question and/or 
statement in the table separately. These contextual factors are: 
• Amount of lesson timetabled time for practical activities; 
• Curriculum requirement for prescribed activities; 
• Availability of equipment and resources; 
• Availability of technical support; 
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• Teachers’ confidence for teaching Chemistry through practical work; 
• Students interests in science; and 
• Students’ behaviour towards science practical activities. 
Table 4.2 summarises teachers’ responses about how the identified contextual factors 
influenced their choices in choosing whether to do a teacher-orchestrated demonstration 
or a learner practical activity. 
Table 4.2:  Contextual Factors in Decisions to Orchestrating Chemistry Demonstrations 
 Degree of Impact 
Contextual factors No impact 1 2 3 4 High impact 
Amount of lesson 
timetabled time for 
practical activities 
 
3 (3.4%) 
 
2 (2.3%) 
 
16 (18.4%) 
 
24 (27.6%) 
 
42 (48.3%) 
Curriculum 
requirement for 
prescribed activities 
1 (1.1%) 5 (5.7%) 12 (13.8%) 29 (33.3%) 40 (46.1%) 
Availability of 
equipment and 
resources 
2 (2.3%) 4 (4.6%) 5 (5.7%) 19 (21.8%) 57 (65.6%) 
Availability of 
technical support  
1 (1.1%) 4 (4.6%) 12 (13.8%)  21 (21.1%) 49 (56.3%) 
Teachers’ confidence 
for teaching Chemistry 
through practical work 
 
1 (1.1%) 
 
2 (2.3%) 
 
12 (13.8%) 
 
24 (27.6%) 
 
48 (55.2%) 
Students’ interests in 
science  
2 (2.3%) 1 (1.1%) 10 (11.5%) 33 (37.9%) 41 (47.2%) 
Students’ behaviour 
towards science 
practical activities  
 
2 (2.3%) 
 
2 (2.3%) 
 
12 (13.8%) 
 
24 (27.6%) 
 
47 (54.0%) 
 
Teachers’ responses to these questionnaire items as presented in Table 4.2 were also 
summarised and presented in Figure 4.2 for ease of analysis. 
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Figure 4.2: Contextual Factors Influencing Teachers’ Choices in Doing Practical Work. 
 
Results from teachers’ responses as presented in Table 4.2 and Figure 4.2 reveal that 
contextual factors strongly influence their choices in choosing whether to orchestrate 
Chemistry practical demonstrations or to give learners autonomy in carrying out practical 
work. Of the 87 teachers who completed the questionnaire, a large number of teachers 
(75.9%) rated either 4 or 5 the impact of the amount of lesson timetabled time for practical 
activities whereas a much smaller number of teachers (24.1%) rated the impact of this 
factor 1, 2 or 3. On curriculum requirements for prescribed activities, most teachers 
(79.4%) rated this highly as having an advanced impact on their preferences and they 
rated it either 4 or 5. Only about 20.6% of the teachers rated it 1, 2 or 3. The majority of 
the teachers (87.4%) rated either 4 or 5 the impact of availability of resources as having 
a greater influence on their preference of choosing to do a teacher-orchestrated 
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demonstration over entrusting learners to do practical activities. Only a few teachers 
(12.6%) who indicated that this contextual factor had little or no influence on their choices 
as they rated either it 1, 2 or 3. As already presented in Chapter 2 (Section 2.8.2), the 
EMIS (2017) reports that nearly 50% (about 47 out the 94 secondary schools offering 
Grade 8) of the Oshikoto Region are poorly resourced and this could be the reason why 
teachers rated these contextual factors highly. Furthermore, on the availability of technical 
support, about 77.4% of the teachers rated it either 4 or 5, whereas about 22.6% of the 
teachers rated it 1, 2 or 3. Most teachers (82.8%) indicated that their confidence in 
teaching with practical work also influence their choices, thus they rated it either 4 or 5, 
while about 17.2% of the teachers rated it 1, 2 or 3. About 85.1% of the teachers rated 
either 4 or 5 the impact of their students’ interests as having greater impacts in informing 
their choices of conducting practical work whereas only about 14.9% of the teachers 
viewed this contextual factor as having little impact in their choice and they rated it 1, 2 
or 3. Lastly, about 81.6% of the teachers indicated that their students’ behaviour also 
influences their choices and rated it either 4 or 5. The remaining number of teachers rated 
1, 2 or 3 the impact this contextual factor had in their choices of teaching with practical 
work. 
4.3.4 Pedagogical actions displayed by teachers during teacher-orchestrated 
demonstrations 
Question 8 in the questionnaire comprised 14 items that solicited data on the pedagogical 
actions of teachers when orchestrating demonstrations. Each of the items described a 
particular pedagogical action, and teachers had to indicate the extent to which they 
employed that action by choosing either, “no demos”, “a few demos”, “about half the 
demos”, “most demos” or “all demos”. The followings are the pedagogical actions 
envisaged to be exhibited by teachers during a teacher-orchestrated demonstrations: 
• I begin the demonstration by asking the learners to make a prediction on what will 
happen. 
• I talk and show an experiment while learners listen. 
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• I ask learners to explain what they observe. 
• After learners make an observation, I ask them to compare this to what they predicted. 
• I demonstrate to the whole class. 
• I demonstrate to groups of learners. 
• I provide learners with a worksheet to complete. 
The results obtained from the teachers are presented in Figure 4.3. 
Figure 4.3: Teachers’ Pedagogical Actions in Orchestrating Chemistry Practical Demonstrations. 
 
About 67.8% of the Chemistry teachers begin almost all or most of their demonstrations 
by asking learners to make a prediction about what would happen in the demonstration. 
However, a minority of 32.2% of the teachers revealed that they only engage learners’ 
predictions for less than half of the demonstrations. The way teachers ask learners to 
make predictions before the demonstration concurs with what Gunstone (1995) described 
as a POE method, where learners are expected to predict what will happen, then observe 
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what is happening and only then are they able to explain their inferences after the 
demonstration (see Chapter 2, Section 2.5.1). From this pedagogical action, it can be 
inferred that teachers in the study area adopt a form of a whole-class activity which 
resembles the POE approach, which describes activities where learners are asked to 
make predictions about what would happen in the demonstration. During the 
demonstration, learners are asked to observe the demonstration and then explain their 
observations (Gunstone, 1995; White, 1996). Most teachers (82.8%) revealed that they 
talk and show the experiment when doing the demonstrations, whereas nearly 17.2% of 
the teachers only do this for fewer or no demonstrations. 
Furthermore, the results indicate that approximately 95.4% of teachers ask learners to 
explain their observations during the demonstration whereas only a much smaller number 
of teachers (4.6%) who indicated that they do not ask learners to explain their 
observations. Moreover, teachers’ responses also indicate that many teachers (89.7%) 
ask learners to compare their observations to the predictions they made prior the 
demonstration. A smaller number (10.3%) of teachers revealed that they do not ask 
learners to compare their observations to their predictions. In terms of teachers doing 
whole-class and group demonstrations, both demonstration types are popular, with 73.6% 
of the teachers indicating that they demonstrate to the whole class, and about 77% of 
them revealing that they demonstrate to smaller groups of learners within the class. 
Lastly, about 89.7% of the teachers responded that they design and provide a worksheet 
for their learners for most if not all the demonstrations, and only 10.3% of the teachers 
indicated that they do not develop and provide learners with worksheets after the 
demonstration. Based on collective pedagogical actions, POE is thus regarded as the 
common type of demonstration carried out by the teachers in Oshikoto Region. 
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4.4 ANALYSIS OF RESULTS FROM CLASSROOM OBSERVATION AND SEMI-
STRUCTURED INTERVIEWS 
As already presented in Chapter 3 (Sections 3.7.2 and 3.7.3), qualitative data were 
collected by means of classroom observations of Physical Science Grade 8 teachers 
carrying out teacher-orchestrated demonstrations and semi-structured interviews. This 
section provides elaboration of the results obtained from the questionnaire and also 
attempts to provides in-depth understanding of the quantitative data. The questionnaire 
revealed a number of pedagogical actions exhibited by teachers when orchestrating 
Chemistry demonstrations. These elaborations are meant to help the researcher to 
answer research sub-questions 1.4 and 1.5 which are: 
• How do teachers explain their pedagogical actions during teacher-orchestrated 
demonstrations? 
• Based on teacher pedagogical actions and learning outcomes, what typology or 
classification can be proposed for teacher-orchestrated demonstrations in Chemistry? 
During the qualitative phase of the study the researcher observed a lesson on practical 
demonstrations by each of 10 teachers, and also interviewed each of these teachers. The 
identify of these teachers is coded as: T2, T3, T6, T9, T16, T25, T33, T55, T76 and T83, 
to represent, teachers (2, 3, 6, 9, 16, 25, 33, 55, 76 and 83) who also completed the 
questionnaire. These teachers were selected based on their preference for doing teacher-
orchestrated demonstrations, as revealed by their responses to the questionnaire. A 
further criterion was the proximity of these teachers to the researcher. 
Lesson observation data were collected by means of video-recording teachers when 
conducting teacher-orchestrated demonstrations. The researcher also completed a 
checklist that was compiled based on the pedagogical actions as outlined in the 
questionnaire (see Appendix A1). The video recordings were transcribed and then 
analysed using the ATLAS.ti software. 
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Interviews were also transcribed and analysed using ATLAS.ti. The interview data were 
further coded and classified deductively according to trends which emerged from the 
quantitative questionnaire data analysis (Mouton, 2001). The observation and interview 
analysis were done in order to help the researcher establish classroom practices of Grade 
8 Chemistry teachers when orchestrating demonstrations as well as to seek elaborations 
from the teachers in terms of their decisions in orchestrating demonstrations according to 
their questionnaire responses. Related codes were condensed into categories which 
were subsequently used to generate four major assertions. 
After the analysis of quantitative data obtained from the questionnaire, the researcher 
arranged to interview and observe a Chemistry practical lesson of 10 teachers who, 
based on their questionnaire responses, had expressed a preference for Chemistry 
practical demonstrations. All 10 teachers teach at different schools in Oshikoto Region, 
which are all poorly to adequately resourced in terms of resources for doing practical 
work. During interviews, the researcher attempted to seek elaborations and explanations 
of some of the findings which emerged from the quantitative questionnaire as well as 
pedagogical actions that they displayed during the observed lesson. As already stated in 
Chapter 3, Section 3.6.3, these interviews were semi-structured and consisted of open-
ended questions. The researcher had a prepared interview guide which consisted of a list 
of general questions which were developed based on the questionnaire and observation 
data. The researcher probed teachers’ responses with follow-up questions to clarify their 
responses where necessary. The researcher started off the interviews with the generic 
question, “what are the learning outcomes for this lesson/demonstration?” to set the 
scene for the interviews and to gain an insight into teachers’ envisaged learning outcomes 
for their lessons/demonstrations. Teachers were asked to elaborate on their 
questionnaires. These follow-up questions followed from individual teachers’ responses 
to the quantitative questionnaire and classroom observation transcripts. For example, a 
teacher who responded in the questionnaire that he or she demonstrates to groups of 
learners, but during the observation carried out a whole-class demonstration, was asked 
to explain reasons for this difference. The researcher then amalgamated quantitative 
 80 
 
findings from the questionnaire with the qualitative findings from classroom observations 
and interviews. 
As indicated earlier, interviews findings elaborated and explained some of the findings 
from the questionnaire analysis. The reason for combining quantitative and qualitative 
findings is to develop assertions which are described by Gallagher and Tobin (1991) as 
statements which represent patterns in the analysed data. These assertions are grounded 
on the following aspects: the consideration of various learning outcomes for orchestrating 
demonstrations; the impact of various contextual factors informing teachers’ decisions 
when orchestrating Grade 8 Chemistry demonstrations; teachers’ pedagogical actions 
evident during teacher-orchestrated demonstrations; how teachers explain these 
pedagogical actions; and the typology or classification that can be proposed for teacher-
orchestrated demonstrations based on their pedagogical actions and learning outcomes 
for these demonstrations. These assertions attempt to help answer the main research 
question which is: 
What pedagogical orientations do Grade 8 Physical Science teachers display 
when orchestrating Chemistry demonstrations? 
As indicated earlier, all 10 teachers who were interviewed during this phase are from 
different schools in Oshikoto Region which have no science laboratories nor materials to 
facilitate practical work. These teachers either teach Physical Science, Mathematics or 
Life Science or a combination of these subjects. Demographic information and description 
of teachers in this phase are provided in Table 4.3. 
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Table 4.3: Teachers’ Demographic Descriptions 
Teacher Gender Qualification 
in science 
Years of 
teaching 
experience 
in science 
School 
location 
Availability 
of resources 
to do 
practical 
work 
Number of 
science 
laboratories 
Subjects 
taught 
T2 F ED 0 – 5 S NR 0 Physical 
Science 
T3 M NN 0 – 5 R NR 0 Physical 
Science & 
Life 
Science 
T6 F ED 0 – 5  R PR 0 Maths, 
Physical 
Science & 
Life 
Science 
T9 M TD 6 – 10 R NR 0 Physical 
Science 
T16 F TD 6 – 10 R NR 0 Maths & 
Physical 
Science 
T25 F ED 11 – 15 R PR 1 Physical 
Science 
T33 F AE, ED and TD 11 – 15  R PR 0 Physical 
Science 
T55 F ED 6 – 10 R PR 0 Physical 
Science 
T76 F TD 11 – 15 T AR 1 Physical 
Science & 
Life 
Science 
T83 M TD 15+ R PR 0 Physical 
Science 
NN- none, AE- ACE, ED- education degree, TD- teaching diploma, S- semi-rural, R- rural, T- town, NR- no 
resources, PR- poorly resourced, AR- adequately resourced. 
 
Findings from classroom observations and interview transcripts with the 10 teachers were 
then merged to generate four assertions which are presented below. 
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4.4.1 Assertion 1 
Contextual factors such as availability of physical resources, lesson time and class 
size are important in the preference of teachers for teacher-orchestrated 
demonstrations 
During the quantitative analysis it emerged that over half (57.3%) of the 87 teachers who 
completed the questionnaire have a preference for a teacher-orchestrated demonstration 
over entrusting practical activities into the hands of the learners. This is revealed in their 
responses to question 4, Section B of the questionnaire where teachers were asked to 
indicate their preference for either teacher-orchestrated demonstrations or learner 
practical activities. Emanating from the interviews conducted with the teachers and the 
lessons observed of the 10 teachers who indicated this preference, there was strong 
evidence to suggest that this preference was informed by contextual factors. In the 
interviews, all 10 teachers expressed that a number of contextual factors influenced their 
choices in orchestrating demonstrations during Chemistry practical lessons. Among many 
others, these mainly included: availability of resources (laboratories, chemicals, 
apparatus and equipment), insufficient timetabled lesson time for practical activities and 
class size. As presented in Chapter 3, teachers who participated in phase 2 of the study 
(whose lessons were observed and who were interviewed) were selected purposefully. 
These teachers’ selection was based on their preference for teacher-orchestrated 
demonstrations from their responses in the questionnaire. During the interviews, teachers 
were asked to explain why they preferred teacher-orchestrated demonstrations and not 
learners’ practical activities. Teachers’ responses are presented below in terms of the 
contextual factors which informed their choices. 
4.4.1.1 Availability of resources to do practical work 
In the questionnaire, 65.5% of the teachers who completed the questionnaire rated the 
availability of resources to do practical work as having a high impact on their preference 
of choosing to orchestrate Chemistry demonstrations. From the responses provided by 
these teachers during interviews, it became apparent that lack of resources usually leads 
 83 
 
them to orchestrate whole-class demonstrations as the materials are not enough for all 
learners to work independently in smaller groups. For instance, as stated by T16, 
teachers sometimes conduct whole-class demonstrations to try to save the resources 
such as consumables so that they can also be used for other classes, as schools are not 
adequately provided with resources. The following excerpt from the interview with T16 
clarifies this: 
Due to the fact that the provision of resources when it comes to science, that’s not so good 
and we don’t have enough resources, at the same time we are trying to save so that we can 
do other practicals, I could not give learners to do individual or group works, rather I 
demonstrate and [it is] for them to observe (T16). 
Although it emerged from classroom observations that teachers conduct whole-class 
demonstrations, during interviews, teachers were asked to explain why they responded 
to a questionnaire item (8.10) that they conduct group demonstrations. Teachers 
responses still revealed lack of resources (laboratories, chemicals, apparatus and 
equipment) as their reasons for carrying out whole-class demonstrations instead of group 
demonstrations. 
The use of hazardous substances such as chemicals and burners has been put forward 
as an important factor leading to the preference of teacher-orchestrated science 
demonstrations rather than entrusting practical works to learners (Dillion, 2008; Cheng, 
2008). The following excerpt from the interview with T16 supports this assertion: 
So, you know, in science we also learn about the safety rules of lab and things that we need 
to do when we are conducting the demonstrations or experimental work, the main thing that I 
could not involve all the learners we do not have all the enough safety materials for example 
the gloves, the demonstration that I did, it involve the acid, if you look well in one of the clips, 
the gloves that we have, they are actually not even comfortable and giving them to the learners, 
is like I am taking chances and taking a risk, so I could not do that to involve learners in this 
activity, even though is our wish, materials are not enough, acids are not things that are easy 
to handle by the learners and at the same time also, the class is a bit overcrowded, I am talking 
of 33 learners, so to put them in groups, it will not give the a clear visible sign for them to see 
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what is happening and thus, I decided standing in front of them it could be the only best option 
(T16). 
Although the majority of teachers seemed to have a preference for teacher-orchestrated 
practical demonstrations, as shown by the quantitative questionnaire findings, the 
researcher also asked teachers during the interview to state other practical activities 
which involved active participation of learners as opposed to their preference and their 
actual practice in terms of teaching practical work. Despite the fact that all 10 teachers 
are from different schools in Oshikoto Region, they shared similar sentiments of not 
having resources to conduct practical work as reasons they do not involve learners in 
practical work, and hence, they tend to teach theoretically or orchestrate demonstrations 
themselves. From these interview excerpts, there is an indication that teachers would 
prefer to teach Chemistry through practical work according to the syllabus specifications 
and involving their learners in hands-on activities, but lack of resources is seen as the 
impediment. 
We did not do many of them because we don’t have apparatus at our school, most of the topics 
we just do theoretically not practical one, because we don’t have the apparatus, they are not 
enough (T3). 
Aah, due to the lack of materials, I could not actively involve all the learners in this 
demonstration, however learners were actively involved in the topic of … in scientific process, 
whereby I, I told the learners to work in pairs to estimate each other’s heights first and then 
after, they estimated, they start measuring each other’s height using the measuring tape (T6). 
We actually have a lot of prescribed activities that we can do with the learners and many a 
times we get, got stuck due to the lack of resources, but a better activity I can remember that 
we have involved learners is during the scientific processes and when, I paired them, they did 
it in pairs and then that was, to find the densities of objects (T16). 
If the practical activity involves the use of locally available materials, then of course I can let 
learners do individual work (T83). 
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From the response provided by T83, it can be inferred that the inaccessibility of traditional 
resources to carry out practical work may sometimes make teachers to improvise and 
make use of locally available, cheap and easily accessible materials within their 
environments to do practical work as described by Ramnarain (2011). 
4.4.1.2 Insufficient timetabled lesson time to do practical work is exacerbated by 
large classes 
Although 48.3% of the teachers responded in the questionnaire that the number of 
timetabled lessons also has an impact on their decisions to orchestrate demonstrations, 
it emerged during the interviews that this factor also greatly impact their choices in 
orchestrating Chemistry demonstrations. These teachers’ responses showed that whole-
class demonstrations save time over group demonstrations, as most of the lessons are 
just 40 minutes. Teachers also reasoned that assigning practical activities to learners with 
this time or entrusting learners to do practical activities would imply that a teacher would 
be moving from one group to another that would waste time, and which would result in 
teachers not finishing a demonstration within a 40-minute single lesson. For this analysis, 
this factor is interrelated with class size, because during interviews, teachers reasoned 
that they would not involve learners in group work because lesson time to do practical 
activities is also influenced by the number of learners in the class. The questionnaire data 
revealed that the number of learners per class is between 31 and 40 which is above the 
expected teacher-learner ratio of 1:28 for secondary phase in Namibia (Namibia. MoEAC, 
EMIS, 2017) and the proportion of lesson time spent on practical work stayed the same 
over the years (25.3%) since the last curriculum reform. For example, if a class has many 
learners, teachers responded that demonstrating to groups of learners in a 40-minute 
lesson is time wasting, and hence they resort to whole-class demonstration. This whole-
class demonstration is carried out by the teacher and could be completed in a 40-minute 
lesson time. During the interviews, T25 responded that a 40-minute lesson is too short to 
carry out group demonstrations and for the learners to complete a worksheet. The excerpt 
below depicts T25’s response to the question why she demonstrated to the whole class 
instead of group demonstration as according to her questionnaire response: 
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Okay, the thing is, a lesson is just 40 minutes, so if I happen to do the practical, I realise that I 
might not get enough time for the learners to complete the worksheet (T25). 
As there are no laboratories at the schools where these 10 teachers are based, teachers 
indicated that they usually borrow materials, apparatus, chemicals and/or equipment from 
other schools. Sometimes materials such as chemicals are not enough, and they would 
even run out before teachers would demonstrate to all groups and classes; therefore, 
whole-class demonstrations are deemed the best option for carrying out practical 
activities. The following excerpts from teachers’ interviews support these claims: 
 The purpose of, to demonstrate to the whole class was just to save time, because 
demonstrating group or going from group to group, is very time consuming and a lesson is just 
40 minutes, so that was just to save time and to finish with the demonstration at once (T2). 
The apparatus was not enough and to save time (T3). 
That happen due to lack of materials since we don’t have materials at school and also to save 
time because it will not be easy to move group by group, so I did it just with the purpose of 
saving time and lack of materials, teaching materials (T76). 
Right, there are two things probably that are involved or that have make [sic] me to take such 
a decision, the first one being the time frame, during which I have to demonstrate and second 
one being the limited resources, I cannot exhaust, one or some resources with one group and 
then start over, because resources are vastly inadequate (T83). 
It can be inferred from these excerpts that lack of resources and apparatus to do practical 
work, less timetabled time allocated to practical lessons and large class size are the major 
factors attributing to whole-class demonstrations being the most preferred option for 
teaching practical work by Grade 8 Chemistry teachers in Oshikoto Region over 
entrusting practical activities to be done individually by learners while in their groups. 
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4.4.2 Assertion 2 
The prevalent pedagogical actions during teacher-orchestrated demonstrations 
are: teachers talk and demonstrate while learners listen, teachers get learners to 
handle the apparatus and assist them when necessary, and teachers do 
demonstrations to the whole class 
To set the scene for discussions, the researcher observed lessons of 10 teachers while 
orchestrating demonstrations. Question 8 in the questionnaire asked teachers to indicate 
how frequently they displayed a given list of pedagogical actions when leading a 
demonstration. Through classroom observations, the following pedagogical actions were 
seen to be the most prevalent ones during teacher-orchestrated demonstrations: “I talk 
and show the experiment while learners listen quietly”, “I get learners to come and assist 
me during a demonstration”, “I demonstrate to the whole class” and “I ask learners to 
handle an apparatus during the demonstration”. For this analysis, quantitative data 
obtained from the questionnaire are first presented, which are thereafter corroborated 
with qualitative findings from classroom observations and interviews in terms of these 
prevalent pedagogical actions. 
4.4.2.1 Teachers talk and demonstrate while learners listen 
From the questionnaire, more than 80% of the teachers responded that they frequently 
apply a set of listed pedagogical actions when leading a practical demonstration. Out of 
this large number, quantitative data from the questionnaire showed that 67.8% of the 
teachers indicated that they talked and demonstrated scientific phenomena while learners 
listened quietly. Observation data are in agreement with this assertion as all 10 teachers 
whose lessons were observed while leading a demonstration mostly talked and 
demonstrated with little or sometimes no learner input. The following excerpts from 
classroom observation transcripts exemplify how teachers talked while doing teacher-
orchestrated demonstrations: 
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 Quickly, I will put some potassium permanganate in my test tube, there is nothing, eeh, don’t 
say ha, aha, when she come [sic], she put already something, okay, mhuuu, may be before I 
proceed, can we check a little, can we see anything? Not yet, okay we will come back to that, 
I will add a little bit of a spirit, I think it’s enough, still fine, we know this one, I will light it, this 
time I will use my test tube holder, it have a very special name, I will burn it, I will have my 
stick, okay, as we are burning it, we want to observe, what will happen (T16). 
Good, as I said we are going to heat ammonium carbonate, so we are going to use aah, this 
small test tube is where we are going to put in our, our ammonium carbonate okay, and I am 
not going to use my hands remember, I am going to use a spatula, Aah, taa, is very dry, 
ammonium, aah, ammonium carbonate, what is the colour of ammonium carbonate (T25). 
 Is clear, clear as you can see, then now I have to put this, test tube here and at least I want 
us to observe, observe, what is happening now to this, to this limewater, cos [sic] we say the 
gas produced which is here is carbon, carbon dioxide, I have to put something to stop it, save 
time, and everyone see there what is happening here, we are trying to produce what gas? 
What gas are trying to produce? (T76). 
4.4.2.2 Teachers get learners to handle the apparatus and assist them when 
necessary 
Quantitative questionnaire data revealed that on average, 63.2% of teachers got learners 
to handle the apparatus and/or learners assisted them during demonstrations. In an 
attempt to seek elaborations on teachers’ pedagogical actions during a teacher-
orchestrated demonstration, it was also evident that these two actions were 
predominately observed for all 10 teachers whose lessons were observed. Although, 
teachers talked while learners listened, as exemplified in the previous section, it was 
evident that five teachers at some point involved learners during these teacher-
orchestrated demonstrations, where learners assisted teachers by handling apparatus 
(T6, T9, T16, T76 and T83). The rest of the teachers carried out the demonstrations 
without any learner involvement. The following excerpts from classroom observation 
transcripts exemplify teachers who involved learners during their demonstrations: 
 89 
 
Can we just put the flame off, Confidence, can you just put the flame off? (T6). 
Okay can anyone get us another firewood from there? Don’t worry, can you hold here please 
Tunatate, okay let us see if it has expand[ed] enough (T9). 
Since you say you have carbon dioxide, you can produce it, can you please try, can you bubble 
through, [one learner was called to the front to bubble his exhaled air through clear limewater] 
please do it again and this time we want to see [the class laughs] again, and then you show 
them, while he is struggling for me I am not so sure if I have carbon dioxide, I will try something 
(T16). 
Okay I will ask you to put that, zinc into hydrochloric acid, you can put it, aah, okay what do 
you heard? [sic]. And I will ask Kalyongo to put zinc in hydrochloric acid and I am going to do 
the testing of hydrogen, hydrogen gas, Kalyongo I am going to give you this zinc so that you 
can put it there, the we check the reaction and we will test the gas that is going to be produce 
(T76). 
Wambilindu, you will, you will place the flame just like this, you will place a flame like this when 
the gas starts coming out, yeah, when I place it in here. Take your stick put it there, yes, put it 
off, yes again, yeah, I think its fine (T83) 
(Confidence, Tunatate, Kalyongo and Wambilindu are pseudonyms) 
 
4.4.2.3 Teachers do demonstrations to the whole class 
According the data obtained from the quantitative questionnaire, 73.5% of teachers 
indicated that they conduct whole-class demonstrations. Classroom observation data 
seems to sit well with these results as for all 10 teachers, the demonstrations were done 
for the whole class and there were no group demonstrations and/or learners’ individual 
demonstrations conducted. This is supported by some of the following excerpts from 
classroom observations: 
We are going to carry our experiment and we are just going to be in one group because you 
see, materials are not enough (T6). 
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Right, can you all come here, so we need our Bunsen burner, a very simple thing that you can 
try, we are going to use the methylated spirit, and then we need, our match, we need a stick, 
for this, we are going to know are we going to use it, we have learned so many times the most 
things that we learned about oxygen that it supports combustion, isn’t it? (T16). 
Okay we can start with carbon dioxide, okay I am asking you to, I don’t know if you are going 
to see, but I am asking you to move forward at least to come closer and check how we are 
going to do it (T76). 
This is basically the test for oxygen. What does the test say? The test says, put a glowing 
splint into the, let me say the gas test tube. The result is that a glowing splint relights (T83). 
As each question in the questionnaire (question 8.1–8.14) was to be viewed as separate, 
59.8% of teachers revealed that they do group demonstrations for “most to all 
demonstrations”. Through classroom observation, however, all 10 teachers whose 
lessons were observed conducted whole-class teacher-orchestrated demonstrations, as 
opposed to their questionnaire survey responses that they demonstrate to groups of 
learners. During interviews, these teachers were asked to explain why they demonstrated 
to the whole group. Teachers indicated that overcrowding of classes with learners is 
another aspect which seems to have led them to prefer whole-class demonstrations over 
group demonstrations as they indicated they were doing so from the quantitative 
questionnaire survey. Furthermore, teachers’ responses showed that whole-class 
demonstrations save time, as most of the lessons are just 40 minutes and moving from 
one group to another would waste time and lead them to not finishing the demonstration 
within a single lesson. Other reasons include avoidance of the depletion of limited 
resources to conduct practical work, and lack of apparatus. As there are no laboratories 
at any of the schools where these 10 teachers are based, they indicated that they usually 
borrow materials, apparatus, chemicals and/or equipment from other schools. Sometimes 
materials such as chemicals would run out before teachers could demonstrate to all 
groups. Therefore, demonstrating to the whole class is deemed the only possibility. The 
followings excerpts from teachers’ interview represent their responses this question: 
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The purpose of to demonstrate to the whole class was just to save time, because 
demonstrating group or going from group to group, is very time consuming and a lesson is just 
40 minutes, so that was just to save time and to finish with the demonstration at once (T2). 
The apparatus were not enough and to save time (T3). 
When it comes to this experiment of expansion, at our school we don’t have enough resources, 
then it was no use of putting learners in groups, then the better way it’s for me as a teacher to 
do the experiment while learners observe what the teacher is doing, we don’t have resources 
(T9). 
Okay, the, the thing is a lesson is just 40 minutes, so if I happen to do the practical, I, I realise 
that I might not get enough time for the learners to complete the worksheet (T25). 
I would like to place them in groups, only that I failed just to have enough materials for each 
group, so I see it no necess[ity] then just for them to be in groups when they are not doing any 
group work (T33). 
That happen due to lack of materials since we don’t have materials at school and also to save 
time because it will not be easy to move group by group, so I did it just with the purpose of 
saving time and lack of materials, teaching materials (T76). 
The time frame, during which I have to demonstrate and second one being the limited resources, I 
cannot exhaust, one or some resources with one group and then start over, because resources are 
vastly inadequate (T83). 
4.4.3 Assertion 3 
Through teacher-orchestrated demonstrations, key learning outcomes such as 
helping learners to understand science concepts, motivating and stimulating 
learners’ interests in science, developing science practical and social skills and 
enabling them to observe physical changes in science may be realised 
From the responses provided by the 10 teachers during interviews, it emerged that 
teacher-orchestrated practical demonstrations are aimed at helping learners to 
understand a science concept; stimulate learners’ interest in science; develop science 
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practical skills, like handling an apparatus, and social skills; and observe changes in 
science phenomena. They also intend to support learners in developing and confirming 
science concepts and comparing theory to practice. In the following sections, the 
quantitative findings from the questionnaire are presented first and then elaborated upon 
with excerpts from qualitative data obtained from classroom observations and interviews 
in terms of the learning outcomes portrayed. 
4.4.3.1 Understanding a science concept 
From the quantitative questionnaire data, 97.7% of the teachers rated this learning 
outcome as “highly important” when orchestrating demonstrations. During the interviews, 
the researcher asked teachers to name the learning outcomes for the 
lesson/demonstration as well as to explain their purposes. Teachers responses to this 
question in terms of learning outcomes for demonstrations and the purposes of such 
demonstrations are illustrated by the following excerpts: 
Learners were able to explain expansion in solids, that’s why I demonstrate to them how 
expansion take place in solids, by using a ball and ring (T3). 
Yeah, the learning outcome is for the learners to understand that once matter is heated, they 
can expand, especially solids can expand just like gas and liquid particles (T9). 
Well, the learning outcomes or basic competencies so to say, I want to see that learners should 
be able to describe the test and the results of various gases as per the syllabus stipulation 
(T83). 
When the responses provided by T3, T9 and T83 to this question are compared, there is 
an indication that these demonstrations were centred around helping learners to 
understand scientific concepts and the demonstrations were planned around this learning 
outcome. This further implies that teachers have an understanding of planning their 
lessons in accordance with the basic competencies and/or learning outcomes for 
demonstrations as per the specifications of the Physical Science syllabus. 
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4.4.3.2 Stimulating learners’ interests in science 
In the quantitative questionnaire, most teachers (95.4%), rated this learning outcome as 
“highly important” and revealed that teacher-orchestrated demonstrations help to 
stimulate learners’ interests in science. In the interview the researcher asked teachers to 
explain their choices. In terms of this learning outcome, other teachers regarded this as 
unimportant and only the responses of T33 and T2 seem to help stimulate learners’ 
interests in science. For example, the researcher is of a view that after these 
demonstrations, learners would be able to develop interests in trying out their own 
experiments even at home in terms of how the process of diffusion occurs in all states of 
matter or they would be able to classify substances according to changes in temperature 
in their everyday lives. 
The purpose was mainly just for learners to discover that diffusion does not just take place in 
gas state, but it can also take place in the other two state, the liquid and the solid as illustrated 
in the lesson (T33). 
 Learners were most of the time the learners were observing as I, the teacher was busy with 
a demonstration, but they also have to feel the test tube when we were doing the 
demonstration to see if the test tube has become hot or colder (T2). 
4.4.3.3 Developing science practical and social skills 
Because these learning outcomes are about the development of skills in learners, they 
were combined to ease the qualitative analysis. From the quantitative questionnaire, 
93.1% and 96.6% of the teachers rated the learning outcomes on helping learners to 
develop science practical and social skills respectively as being “highly important” during 
teacher-orchestrated demonstrations. During interviews, T25 and T76 similarly 
responded that learners observed and also assisted the teacher during the demonstration 
by handling apparatus, which these teachers feel to be contributing to their skill 
developments. Teachers have the views that it is through teacher-orchestrated 
demonstrations that learners are able to develop these important skills. The reasons 
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given by T25, for instance, are about developing learners’ social skills of interacting and 
communicating with fellow learners and with the teacher, as learners asked questions on 
aspects they did not comprehend. Through such interactions, learners will be able to 
develop social skills of communicating their problems to teachers during classroom 
interactions. The excerpts below illustrate the responses of T25 and T76 to these 
questions: 
The role of the learners was to observe when the teacher is doing the demonstration, it was 
also to participate, for example they were asking questions and also to help, to assist the 
teacher for example in holding some of the materials during the experiment (T25). 
The role of the learners in the lesson was to observe the experiment, they have to observe, and 
they have to answer questions, and also, they have to handle the apparatus since I called one 
learner to come and help in the demonstration (T76). 
4.4.3.4 Observing science phenomena 
From the questionnaire, a notable 95.4% of the teachers responded that teacher-
orchestrated demonstrations help learners to observe physical changes in science 
phenomena. During the interview, teachers acknowledged this by stating that during the 
demonstrations, learners were indeed given the autonomy of observing the physical 
changes as shown by the statements of T16 and T2: 
Learners were to observe and understand the test of gases, test for hydrogen, oxygen and 
carbon dioxide (T16). 
The learners were observing as I, the teacher was busy with a demonstration, but they were 
also active at some points because they have to answer questions that I have asked them, 
and they also have to feel the test tube when we were doing the demonstration to see if the 
test tube has become hot or colder (T2). 
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4.4.3.5 Confirm a law/principle and compare theory to practice 
Two other important learning outcomes also emerged from the interviews with the 
teachers that teacher-orchestrated demonstrations also help teachers to confirm a law 
and/or a science principle and to compare theory to practice. As already presented in 
assertion 1, that various contextual factors inform teachers’ decisions to orchestrate 
Chemistry demonstrations, T2, T3, T76 and T83 revealed during the interviews that 
teacher-orchestrated demonstrations also help them to confirm a law and/or a science 
principle and compare theory to practice so that their learners have a thorough 
understanding of the science concepts being demonstrated, other than learning these 
theoretically. The following excerpts illustrate T2, T3, T76 and T83 responses from the 
interviews: 
The purpose of the demonstration was to prove to learners how the temperature changes in 
exothermic reaction and how the temperature changes in endothermic reaction as they have 
learned in endothermic reaction, energy is taken in and in exothermic reaction energy is taken 
out (T2). 
Just to confirm on what I taught them theoretically and to compare with what we are doing 
practically, so that they will understand fully (T3). 
The purpose of the demonstration is for the teacher to affirm the science concept (T76). 
The purpose was to let learners acquire the concrete evidence of what is stipulated in the 
learning outcomes or in basic competencies (T83). 
Although teachers indicated the impact of such learning outcomes on helping learners to 
understand science phenomena, stimulate learners’ interests, develop science and social 
skills, observe changes in science phenomena, confirm a law and/or a science principle 
and compare theory to practice, there seem to exist some discrepancies between 
quantitative and qualitative findings. More specifically, during the quantitative 
questionnaire teachers indicated that they employ several pedagogical actions when 
leading a demonstration, but during classroom observation teachers did not employ these 
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learning outcomes and pedagogical actions. For example, teachers responded in the 
questionnaire that they ask learners to make predictions of the results before the 
demonstration, or they indicated that they demonstrate to groups of learners, but during 
classroom observations teachers talked and did the experiment without asking learners 
to make predictions, or teachers demonstrated to the whole group. The researcher thus 
questioned teachers during interviews to establish relationships and patterns between 
quantitative findings from the questionnaire and qualitative findings from classroom 
observation transcripts. 
4.4.4 Assertion 4 
During a teacher-orchestrated demonstration, teachers display interactive and 
non-interactive approaches towards teaching Chemistry practical work 
During classroom observations of T2, T3, T6, T9, T16, T25, T33, T55, T76 and T83 when 
leading practical demonstrations, it was evident that these teachers employed various 
pedagogical actions. These observations resonate with their responses to the quantitative 
questionnaire where teachers responded that they frequently employed several 
pedagogical actions when conducting practical demonstrations. During classroom 
observations, teachers employed either interactive or non-interactive approaches when 
leading teacher-orchestrated demonstrations. While most teachers displayed a non-
interactive approach when orchestrating Chemistry demonstrations, it also emerged 
during classroom observations that a few teachers displayed interactive orientations 
which is reflective of the POE teaching strategy postulated by Treagust (2007) and 
Gunstone (1995). The researcher classified the pedagogical actions contained in 
questions 8.1–8.14 of the questionnaire as either interactive or non-interactive. The 
following lists depict these classifications: 
Interactive pedagogical actions 
• I begin the demonstration by asking learners to make a prediction on what will happen. 
• I ask learners to explain what they observe. 
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• I provide an explanation of what learners observe. 
• I get learners to read the results. 
• After learners make an observation, I ask them to compare what they had predicted 
at first. 
• I get learners to come and assist me during a demonstration. 
• I ask learners to handle an apparatus during the demonstration. 
• After the demonstration, I ask learners to write a report. 
 
Non-interactive pedagogical actions 
• I talk and show an experiment while they listen quietly. 
• I wrote the results on the board and learners copy it in their books. 
• I demonstrate to the whole class. 
• I demonstrate to group of learners. 
• After the demonstration I ask learners to write a report. 
• I provide learners with a worksheet to complete. 
During classroom observations, it emerged that some teachers would display both types 
of approaches in one lesson. This is exemplified by T6, T9, T16 and T76 who would 
initially ask learners to explain their observations and get learners to assist them and 
handle apparatus during a demonstration, which portray an interactive approach, but they 
would also talk and show an experiment while learners listened quietly and demonstrated 
to the whole class, which portrayed a non-interactive approach. 
During a non-interactive approach, teachers talked and did a demonstration while 
learners listened quietly, and learners were not asked to make predictions (T2, T9, T3, 
T25, T33, T83). A teacher further explained the demonstration with no learner 
involvement, but a teacher asked questions and entertained learners’ questions and 
subsequently elaborated upon them. In most demonstrations, all teachers except T3, T6 
and T9, displayed a non-interactive teaching approach, which emerged from the 
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classroom observations. It also emerged that, during this approach, teachers usually 
conducted whole-class demonstration either to confirm theories or laws or to affirm 
science concepts that were taught theoretically prior to demonstrations (T2, T3, T16, T76 
and T83). Also, during interviews these teachers were asked to explain the purpose of 
doing demonstrations which seemed not to involve learners, and in the excerpts below 
these teachers outlined that although the demonstrations did not involve learners, they 
were trying to affirm and/or confirm science concepts they have already taught 
theoretically: 
The purpose of the demonstration was to prove to learners how the temperature changes in 
exothermic reaction and how the temperature changes in endothermic reaction as they have 
learned in endothermic reaction, energy is taken in and in exothermic reaction energy is taken 
out (T2). 
Just to confirm on what I taught them theoretically and to compare with what we are doing 
practically, so that they will understand fully (T3). 
The purpose was to prove to the learners that gases exist even though, they have common 
properties, they are differ[ent] when it comes, to, to test, when you have to test them, and so 
it was strengthen the in-depth understanding of the results they get when they are testing 
different gases and to see and know and remember for their life (T16). 
The purpose of the demonstration is for the teacher to affirm the science concept (T76). 
The purpose was to let learners acquire the concrete evidence of what is stipulated in the 
learning outcomes or in basic competencies (T83). 
4.5 SUMMARY OF FINDINGS 
Findings emerging from both the quantitative and qualitative data are integrated and 
juxtaposed to answer the main research question which is: 
What pedagogical orientations do Grade 8 Physical Science teachers display 
when orchestrating Chemistry demonstrations? 
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4.5.1 Findings from the questionnaire 
In this section, quantitative findings are summarised in terms of teachers’ consideration 
and understanding of various contextual factors informing their preference for 
orchestrating grade Chemistry demonstrations, their considerations of important learning 
outcomes for demonstrations, and their frequency of applying certain pedagogical actions 
when orchestrating demonstrations. This section zooms into making meaning of the 
findings from the quantitative and qualitative results. 
4.5.1.1 Consideration and understanding of various contextual factors 
From the questionnaire it is discovered that teachers exhibited a preference for teacher-
orchestrated demonstrations (57.3%) over entrusting practical work to be carried out by 
learners (42.7%). Teachers considered numerous contextual factors as significant in 
informing their decisions in orchestrating Chemistry demonstrations. These factors 
include availability of resources, equipment and apparatus to do practical work; 
timetabled lesson time to teach practical activities; and large classroom size. 
4.5.1.2 Consideration of important learning outcomes 
Findings further reveal a high degree of teachers’ consideration of the envisaged learning 
outcomes for orchestrating demonstrations. These learning outcomes are helping 
learners to understand as science concept; motivating learners in science; stimulating the 
interests of learners; developing science skills such as handling of apparatus; helping 
learners to observe physical changes in science phenomena; and supporting learners in 
developing social skills. Just over 90% of the teachers rated these envisaged learning 
outcomes as important or highly important in orchestrating Chemistry demonstrations. 
Therefore, it is through teacher-orchestrated demonstrations that learners are expected 
to acquire these learning outcomes. 
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4.5.1.3 Application of certain pedagogical actions 
Quantitative findings further showed that during teacher-orchestrated practical 
demonstrations, teachers frequently apply pedagogical actions such as inviting learners 
to make predictions of the results prior the demonstration; talking and showing the 
experiment while learners listened actively; asking learners to make observations and 
asking them to explain these observations; getting learners to help them during 
demonstrations; demonstrating to the whole class; stimulating class discussions after 
demonstrations; and asking learners to write science reports after the demonstrations. 
This suggests that although demonstrations are teacher orchestrated, learners are at 
some points engaged in these demonstrations to ensure that they are as well cognitively 
involved. More than 80% of the teachers indicated a high frequency for these pedagogical 
actions for most to all the demonstrations they are claimed to be conducting in their 
classes. 
4.5.2 Findings that emerged from classroom observations and interviews 
As this study is primarily quantitative, qualitative data mainly from interviews evoked 
teachers to elaborate their responses to a quantitative questionnaire in order to establish 
the pedagogical orientations displayed by Grade 8 Chemistry teachers when 
orchestrating demonstrations. Classroom observation data revealed a number of 
discrepancies between teachers’ responses to the questionnaire and to their actual 
pedagogies of teaching science with practical work. For instance, 67.8% of the teachers 
who completed the questionnaire responded that they begin most to all demonstrations 
by asking learners to make prediction, but during observation it emerged that they just 
started with demonstrations without asking learners to make predictions. Of the total 
number of teachers, 59.8% also responded to the questionnaire that they demonstrated 
to groups of learners for most to all demonstrations, but during observations it emerged 
that teachers actually demonstrated to the whole class. The last example is the 58.6% of 
teachers who responded to the questionnaire that for most to all demonstrations they 
stimulate a group discussion after the demonstration, but no class discussions were 
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encouraged, as emerged from the observations. Teachers were then interviewed to 
establish reasons for these discrepancies. Interview data revealed that the employment 
of various pedagogical actions in the demonstration is dependent on the learning 
outcomes the demonstration is intended to achieve. This is greatly influenced by other 
factors such as learners’ level of understanding of the science phenomena being 
demonstrated, the science topic and the fact that Grade 8 is an inception grade in the 
JSP, where learners transit from the primary phase where the subject contents are 
different. The results further indicate that resource availability to conduct practical work 
and timetabled time for practical lessons also inform their choices of which learning 
outcome they should achieve during a demonstration. 
4.6 CONCLUSION 
This chapter presented and discussed the data gathered from the quantitative 
questionnaire, classroom observations and interviews. The data which emerged from the 
questionnaire, revealed that the great majority of teachers have a preference to teach 
science by means of orchestrating demonstrations rather than entrusting practical 
activities to learners. Moreover, majority of the teachers rated highly the learning 
outcomes for orchestrating Chemistry demonstrations as informing their decisions in 
orchestrating Grade 8 Chemistry demonstrations. Teachers’ decisions are further 
influenced by contextual factors such as lack of resources, timetabled time to do practical 
lessons and large class size. These emerged from teachers’ responses to the 
questionnaire which required teachers to choose their preference for teaching practical 
work and to rate the degree of influence of various learning outcomes has on their 
decisions in orchestrating Chemistry demonstrations. Teachers’ interviews elucidated 
findings obtained from the quantitative questionnaire and classroom observations which 
aimed at searching for elaboration in these results. 
The next chapter presents and discusses the summary of findings, implications, 
recommendations for future research and conclusions. 
 102 
 
CHAPTER 5 SUMMARY OF FINDINGS, RECOMMENDATIONS AND 
CONCLUSION 
5.1 INTRODUCTION 
This study investigated the pedagogical orientations of Grade 8 Chemistry teacher-
orchestrated practical demonstration in Oshikoto Region, Namibia. This study was 
motivated by the researcher’s own personal experience as a scholar and a Physical 
Science teacher at a rural school in the region. This chapter summarises the major 
findings drawn from this study. The chapter also serves to align the findings emerging 
from the study to relevant literature and present the implications and provide some 
recommendations about the investigated topic for future studies. The researcher also 
acknowledges limitations to the study. 
5.2 SUMMARY OF FINDINGS 
Quantitative and qualitative data were collected and analysed to help the researcher 
answer the five research sub-questions and subsequently the main research question 
envisaged for this study. The summary of findings is therefore presented in accordance 
with the research sub-questions. 
5.2.1 Research sub-question 1 
To what extent do teachers consider the importance of various learning outcomes 
when orchestrating demonstrations? 
As already presented in Chapter 4 (sections 4.3.2 and 4.5.1.2), the findings revealed that 
most teachers seem to possess knowledge and understanding of general and specific 
objectives and/or learning outcomes of Chemistry practical work subject matter as 
stipulated in the Namibian Physical Science JSP syllabus. This is manifested in the 
manner in which they planned and prepared their lessons/demonstrations in accordance 
with the requirements of the Physical Science JSP syllabus. Teachers’ understanding and 
conceptualisation of the SMK informed their decisions in orchestrating Chemistry practical 
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demonstrations. It thus emerged that teachers greatly consider a number of learning 
outcomes which are meant for helping learners to understand a science phenomenon, 
stimulate learners’ interests in learning science, developing learners’ vital science skills 
such as handling apparatus and observing everyday natural phenomena. It further 
appeared that all teacher-orchestrated demonstrations were written in a way that they 
aligned with Chemistry general and specific objectives which learners are expected to 
master. The Namibian Physical Science JSP syllabus specifies general and specific 
objectives to be taught in Chemistry. General objectives are related to science topics or 
skills which comprise general knowledge, understanding and demonstrations of common 
skills on which learners are to be assessed. Specific objectives are detailed syllabus 
content-related knowledge which learners are expected to master in order for the general 
objectives to be achieved (Namibia. MoEAC, syllabus, 2015). 
Therefore, the extent to which teachers consider the importance of various learning 
outcomes when orchestrating demonstrations is located within their understanding of the 
subject content and the consideration of what teacher-orchestrated demonstrations aim 
at investigating. 
5.2.2 Research sub-question 2 
To what extent do teachers consider the impact of various contextual factors when 
choosing whether to do a teacher-orchestrated demonstration or a learner practical 
activity? 
The quantitative results presented in Chapter 4 (sections 4.3.3 and 4.5.1.1) address this 
research sub-question. During the analysis and discussion of both quantitative and 
qualitative data, it emerged that all teachers consider the impact of various contextual 
factors when choosing either to orchestrate Chemistry demonstrations or entrust practical 
activities to learners. Both findings revealed a high preference for teacher-orchestrated 
demonstration over entrusting practical activities to learners. Teachers indicated that a 
number of contextual factors such as lack of resources to conduct practical work, 
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insufficient timetabled time for practical lessons, large class sizes, availability of technical 
support, their self-confidence in carrying out practical work and teaching for preparing 
learners for examination limited them to orchestrating demonstrations rather than 
entrusting practical activities to learners. Some teachers also maintained that practical 
activities involving dangerous, hazardous or corrosive substances had also led them to 
orchestrate demonstrations for safety reasons. This resonated well with what literature 
shows on factors impeding successful implementation of practical work such as the 
inadequacy of time allocated to practical work; lack of equipment; class size; learners’ 
behaviour; and the use of hazardous substances such as chemicals or burners to carry 
out practical work (Dillon, 2008; Cheung, 2008). 
Although the results also indicated that a number of teachers preferred entrusting 
practical activities to learners, other contextual factors such as learners’ interests and 
their behaviours towards practical lessons also hampered successful implementation of 
practical work to such a group of learners similarly to what is reported by Dillon (2008) 
and Cheung (2008). 
5.2.3 Research sub-question 3 
What teacher pedagogical actions are evident during teacher-orchestrated 
demonstrations? 
The quantitative data presented in Chapter 4 (Sections 4.3.4 and 4.5.1.3) revealed a 
number of pedagogical actions displayed by teachers in Chemistry teacher-orchestrated 
demonstrations. These pedagogical actions include beginning demonstrations by asking 
learners to predict results; talking and showing the demonstration while learners listened 
actively; asking learners to make observations and asking them to explain and link them 
to their predictions; carrying out whole-class demonstrations; facilitating class discussions 
after demonstrations; and providing learners with worksheets to complete during and after 
the demonstration. However, qualitative results from classroom observations showed 
some discrepancies in terms of some pedagogical actions teachers claimed to employ 
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during the questionnaire survey. For instance, from the questionnaire, about 67.8% of the 
teachers responded that they ask learners to make predictions before the demonstrations 
and 59.8% that they demonstrate to groups of learners. However, during classroom 
observations, these teachers did not ask learners to make predictions nor demonstrated 
to groups of learners. These quantitative results were then corroborated with interviews. 
This led to the development of four assertions which are discussed in Chapter 4 (Section 
4.4). This then revealed that teachers applied various pedagogical actions in teacher-
orchestrated demonstrations which were benchmarked against learners’ level of 
understanding of the concepts being demonstrated, subject matter contained in the topic 
and nature of the activities. 
5.2.4 Research sub-question 4 
How do teachers explain their pedagogical actions during teacher-orchestrated 
demonstrations? 
As presented in Chapter 4 (Sections 4.5.1.3 and 4.5.2) teachers applied pedagogical 
actions when orchestrating Chemistry demonstrations. It emerged that teachers carried 
out a number of important pedagogical actions when orchestrating Chemistry 
demonstrations which are meant to help learners understand and conceptualise science 
phenomena. It is further revealed that teachers’ choices of displaying pedagogical actions 
when orchestrating Chemistry demonstrations are informed by a number of contextual 
factors and lesson outcomes. It then became evident from the interviews that teachers 
believe in the value of learners’ engagement in practical demonstrations and they are 
prepared to plan and prepare such demonstrations for them amid impediments such as 
lack of resources to conduct practical work, poorly timetabled lesson time for practical 
work and large classes. The results further revealed that teachers showcased their 
pedagogical actions in a number of ways. These included talking, explaining and carrying 
out demonstrations while learners listened, as they cannot all be engaged due to lack of 
apparatus, inviting learners to observe and thereafter asking them to explain their 
observations. In the case of T16 for example, it emerged during classroom observations 
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that she displayed her pedagogical actions before and during the demonstration as she 
first asked learners to observe the properties of limewater used to test for the presence 
of carbon dioxide gas before the gas was bubbled through. It was then after she invited 
one learner to bubble in his own exhaled air through clear limewater, that other learners 
observed the changes in the colour of limewater which helped them to conceptualise that 
only carbon dioxide gas would change the colour of limewater from clear to milky or 
cloudy. 
In addition, interview data have shown that teachers explained their pedagogical actions 
during teacher-orchestrated demonstrations depending on the number of learners in their 
classes and the shorter lesson time for practical activities. This was again the case with 
T16 who revealed that having so many learners in one class constrained her to 
orchestrate demonstrations rather allowing learners do practical activities themselves. 
This teacher explained during interviews that a lesson is just 40 minutes making it difficult 
for learners to carry out a practical activity and complete a worksheet at the same time. 
The highlighted pedagogical actions of teachers during a demonstration are indicative of 
their pedagogical orientations when conducting teacher-orchestrated Chemistry 
demonstrations. Although teachers indicated that they would involve learners in their 
lessons by asking them to make predictions of demonstrations, they indicated that Grade 
8 is an inception grade into secondary phase from primary phase and they assumed that 
learners did not have background knowledge of Physical Science contents as this is a 
new subject to them. In the primary phase, learners were taught NSHE, which is an 
amalgam of Chemistry, Physics and Life Science topics. Teachers similarly explained that 
they do whole-class demonstrations instead of group demonstrations because schools 
have inadequate or no resources to enable them do group demonstrations. Furthermore, 
teachers would not entrust learners to do practical activities for fear that lesson time was 
insufficient for learners to physically do practical work and complete a worksheet as 
lessons are just 40 minutes each and there is no additional or special time for science 
lessons. From all the findings it can then be inferred that teachers certainly explain their 
pedagogical actions during teacher-orchestrated demonstrations, but this is dependent 
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on lesson outcomes and various contextual factors hindering practical work inclusion in 
their teaching of Chemistry as presented earlier. 
5.2.4.1 Research sub-question 5 
Based on teacher pedagogical actions and learning outcomes, what typology or 
classification can be proposed for teacher-orchestrated demonstrations in 
Chemistry? 
Quantitative and qualitative findings revealed greater relationships between Chemistry 
general and specific objectives and/or learning outcomes displayed by teachers, and 
between these learning outcomes and teachers’ pedagogical actions during teacher- 
orchestrated demonstrations. There is an interdependence and relationship between all 
three aspects of carrying out practical work in science (contextual factors, learning 
outcomes and pedagogical actions displayed by teachers). From the findings of this 
study, it can be proposed that the existence of the three main contextual factors, namely 
lack of resources to conduct practical work, class size and insufficient timetabled lesson 
time strongly influence teachers’ pedagogical actions in teaching Physical Science 
through practical work. This in turn leads to teachers not attaining lesson objectives 
and/or outcomes for their Chemistry lessons that they regard as important. 
During phase 1 of the study, it was revealed that teachers responded that they frequently 
employed a number of pedagogical actions such as asking learners to make predictions 
prior demonstrations, demonstrating to groups of learners and engaging learners in class 
discussion post demonstrations. However, qualitative results revealed that teachers did 
not employ these pedagogical actions in accordance to their questionnaire responses. 
For this reason, the typology or classification that can be proposed for teacher-
orchestrated demonstrations in Chemistry is based on the forms of classroom 
communications and/or approaches employed by teachers when orchestrating Chemistry 
demonstrations. As already presented in Chapter 4 (Section 4.4.4), this study adopted 
interactive and non-interactive approaches to teaching science as suggested by 
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Ramnarain, Nampota and Schuster (2016) and Ramnarain and Schuster (2014). The 
typology that is proposed for teacher-orchestrated Chemistry demonstrations is 
benchmarked against their direct interactive (active direct) and direct didactic (didactic 
direct) approaches to teaching science. As it emerged during classroom observations and 
interviews that the 10 teachers displayed both interactive and non-interactive science 
teaching approaches when orchestrating demonstrations. A proposed typology for these 
teacher-orchestrated Chemistry demonstrations is depicted in Figure 5.1. 
 
Figure 5.1: Typology for Teacher-Orchestrated Chemistry Demonstrations 
 
As can be seen in Figure 5.1, teacher-orchestrated Chemistry demonstrations from this 
study are classified in two forms, the interactive and non-interactive approaches. The 
interactive approach to teaching science entails the direct involvement of a teacher during 
the demonstration, usually followed by learners’ involvement in an activity that is based 
on the demonstrated science concepts. Some aspects of a non-interactive teaching 
approach are somewhat similar to those of the interactive approach, in that a teacher is 
still more active and directly presents or demonstrates science concepts to learners, but 
with little learner interaction. However, learners observe the science phenomena and are 
able to ask questions based the concepts being demonstrated (Ramnarain, Nampota & 
Schuster, 2016). The characteristics of each approach is presented in Table 5.1 with 
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reference to the qualitative data gathered through classroom observations and interviews 
of the 10 teachers (T2, T3, T6, T9, T16, T25, T33, T55, T76 and T83). 
Table 5.1: Interactive and Non-interactive Approaches to Teaching Science 
 
Interactive approach to teaching science Non-interactive approach to teaching science 
There is a teacher-learner and learner-learner 
interaction in new knowledge construction 
After the demonstration, teacher facilitates and 
engages learners in a class discussion, where 
learners explain their observations and are 
scaffolded in constructing new knowledge 
This approach does not resemble the POE 
approach, as learners are not asked to make 
predictions prior the demonstration, however 
teacher starts demonstration, and only ask 
learners to make observations and he/she ask 
them to explain their observations and later 
concludes by consolidating learners’ responses 
There is less teacher-learner interaction, learners 
assist the teacher during the demonstration by 
handling apparatus 
Although learners are asked to make 
observations during the demonstration, they are 
not engaged in class discussions after the 
demonstration  
The teacher talks and carry out the 
demonstration while learners listen quietly 
There is no teacher-learner and learner-learner 
interactions 
The teacher is in control of the demonstration, 
learners are not engaged in the demonstration 
apart from observing 
Learners are asked to explain their observations; 
however, the teacher also, at some points tried to 
explain learners’ observations and then 
consolidate learners’ answers 
In this approach, the teacher demonstrates to the 
whole class either to confirm a law/science 
principle and/or to affirm the science concepts 
which he/she taught theoretically 
No new knowledge is constructed by the learners 
as they passively watch the demonstration and 
compare the results of the demonstration to what 
they were taught in a theory lesson 
 
From the findings of this study, the typology or classification that can be proposed for 
Chemistry teacher-orchestrated demonstrations as presented in Figure 5.1, is in the form 
of the type of interactions which are portrayed in the demonstration. These approaches 
are based on teachers’ pedagogical actions during a demonstration and the learning 
outcomes envisaged during the demonstration. When conducting Chemistry teacher-
orchestrated demonstrations, the major form of interaction is the non-interactive 
approach, although teachers also showed some characteristics of an interactive approach 
in the same lesson. During a non-interactive approach, which proved to be the 
predominate form of interaction during teacher-orchestrated demonstration in this study, 
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learners passively observe a teacher demonstrating science concepts. This approach is 
more teacher-centred as a teacher is in full control of the demonstration; there is no 
learner engagement apart from observations. The teacher usually asks learners to 
explain their observations and their answers are consolidated with scientific knowledge 
by the teacher. During an interactive approach, although a teacher is still in charge of the 
demonstration, learners are actively involved at some points as they engage in class 
discussion after the demonstration, either by assisting the teacher in doing the 
demonstration or by handling apparatus. Moreover, learners are usually asked to explain 
their observations which is usually followed by a class activity in the form of a quiz, topic 
task or completing a worksheet on the contents demonstrated. 
Generally, this study revealed that due to lack of resources to conduct practical work, 
large number of learners in science classes and shorter lesson times, teachers resort to 
teacher-orchestrated practical demonstrations. Teachers seem to view teacher-
orchestrated demonstrations as the most effective form of practical work. Furthermore, 
as the Physical Science JPS syllabus requires learners to be involved in hands-on 
activities such as demonstrations, when teachers used teacher-orchestrated 
demonstrations, it is revealed that although demonstrations are teacher orchestrated, 
learners can derive learning benefits such as acquiring an understanding of science 
concepts, developing an interest in science, being motivated to learn science, developing 
science practical skills and observing physical changes in sciences phenomena. 
Pedagogical actions of teachers seem to indicate that learners are always cognitively 
involved during a teacher-orchestrated demonstrations as they are impelled to make 
observation of the physical changes in science phenomena, prompted to explain their 
observations and are engaged in class discussions after demonstrations. The typology or 
classification of Chemistry teacher-orchestrated demonstrations is divided into two main 
approaches, interactive and non-interactive. The interactive approach takes two forms, 
interactive 1, which resembles the POE teaching approach which is rarely evident during 
any Chemistry demonstration and interactive 2 which resembles the POE teaching 
approach, although it lacks the prediction part. 
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5.3 RECOMMENDATIONS 
The successful implementation of practical activities in Physical Science largely relies on 
the preparedness of teachers who are the primary agents of change. The Namibian 
government have embarked upon the development, formulation and reformulation of 
several policies in terms of the provision of the educational curriculum. However, there 
seems to be less effort on the continuous professional developing of teachers in teaching 
practical science. In an attempt to significantly improve the quality of science education 
in Namibia, there is a need to strengthen the issue of continuous professional 
development of teachers in terms of teacher training in teaching with practical work as 
early as primary schools. In light of the findings which emerged from this study, 
recommendations are therefore made in terms of resource provision, timetabled lesson 
time and teacher continuous professional development. 
5.3.1 Resource provision 
As was revealed by the findings from this study, schools in Oshikoto Region are poorly 
resourced in terms of facilities such as laboratories and resources to conduct practical 
work. The researcher recommends that the Oshikoto Regional Council, Directorate of 
Education under the auspices of the MoEAC should budget enough money for the 
construction of functional and adequately resourced science laboratories especially at 
schools in rural areas, as from primary levels so that teachers begin involving learners in 
practical work as early as primary schools to do away with teacher-orchestrated 
demonstrations which are found to be the predominant and effective forms of practical 
work at schools in Oshikoto Region. Laboratories that are already existing at some 
schools must be renovated to provide conducive learning environment to conducting 
practical activities. Currently, only learners who are enrolled for the Namibian Senior 
Secondary Certificate (Higher) level (NSSCH) who write a practical examination (paper 
3) at the end of Grade 12. The Physical Science report on examinations (Namibia. 
MoEAC, 2016) revealed that learners need to be well prepared for practical examination 
at the end of Grade 12. The implications of their unpreparedness to answer practical 
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questions satisfactorily in paper 3 is attributed to them not being well prepared for practical 
activities as from their early secondary school level. It is therefore, recommended that the 
MoEAC should design and develop compulsory practical science examination as a form 
of formal assessment from Grade 8, which is the inception grade of the secondary phase. 
This is deemed to motivate teachers to start involving learners in practical activities as 
early as in primary school and as a preparation of the practical examination. Instead of 
waiting for the government to provide traditional laboratory materials and equipment to 
conduct practical work in their science lessons, the researcher recommends that teachers 
should be encouraged to use improvised resources, such as using used water bottles as 
substitutes for test tubes, which are traditional laboratory materials. 
5.3.2 Timetabled lesson time for practical lessons 
The current time allocation for Natural Sciences learning area, of which Physical Science 
is a subject is 9% of the total teaching time per week (56 periods per cycle) equating to 
five 40-minute lessons on a seven-day cycle (Namibia. MoEAC, NCBE, 2018). As 
Physical Science is a practical-oriented subject, it is recommended that the NCBE should 
be revised to allocate more time for practical work to allow teachers to encourage effective 
involvement of teachers and learners in doing practical work. 
5.3.3 Teacher continuous professional development on teaching with practical 
work and classroom organisation strategies 
It is recommended that teacher training institutions should incorporate in their curriculum, 
modules on facilitating practical work to be used for novice and preservice teachers, to 
enable well-informed teachers emerging form such institutions who have an insight into 
facilitating practical work in science. For practising teachers, officials responsible for 
Physical Science coordination such as advisory services should develop in-service 
continuous professional development (CPD) training. Advisory services in collaboration 
with experienced science teachers, should run this training periodically and these should 
focus on helping teachers to teach practical work using locally available, low-cost 
materials in the place of lack of traditional laboratory equipment. This resonates with 
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Asheela (2017) and Ramnarain (2011) who both emphasised the use of such materials 
as options for unavailability of resources for teaching science practical work. Moreover, 
as the findings from this study revealed that teachers seem to be less informed about the 
constructivist approach of teaching and learning, of which prediction is an important 
construct, and classroom organisation strategies, there is a need to engage teachers in 
CPD activities on these aspects. As the constructivist approach to teaching and learning 
has been contended as an effective form of generating new knowledge in learners, this 
study revealed that teachers did not realise and acknowledge the importance of prediction 
in learning as an important aspect constructivist approach, where the teacher’s role is to 
facilitate knowledge construction in learners, where learners play active roles in 
formulating and reformulating their knowledge. On the aspect of classroom organisation 
strategies, teachers need to be well informed about organisational structures of their 
classrooms to promote cooperative learning, such as pair, peer and group work. It is for 
this reason that it is recommended that teachers need to be engaged in CPD activities to 
ensure successful implementation of practical work in science classrooms. 
5.4 LIMITATIONS OF THE STUDY AND IMPLICATIONS FOR FUTURE 
RESEARCH 
Limitations are factors and/or weaknesses that may affect the implementation and 
subsequently the results of the study; however, if they are ignored, the study would 
become immaterial (Simon & Goes, 2011; Baron, 2008). This study encountered the 
following limitations. 
The study employed nearly 200 participants during the first phase (questionnaire survey). 
Participants were reluctant to return the questionnaire, making it difficult for this phase to 
be completed within the timeframe as planned, and thus only 87 questionnaires were 
returned. 
Secondly, the study was only limited to the Chemistry section of Grade 8 Physical Science 
subject content, making it difficult for the results to be generalised to the Physics section 
and to grades other than Grade 8, and therefore these findings are not representative of 
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the general Physical Science context. Lastly, the study focused on one region in Namibia, 
which mainly comprises schools located within rural areas. This population is not a real 
representation for the diversity of Namibian teachers when teaching science with practical 
work and therefore, findings of this study are limited to this sample of teachers and cannot 
be generalised to all Physical Science teachers in Namibia. 
It is also suggested that further and future studies on Physical Science teachers’ 
pedagogical orientations when conducting practical work should be carried out 
countrywide and should focus on the whole Physical Science subject content and to other 
grades to provide an insight into the nature of practical work in Physical Science at the 
JSP in Namibia. And lastly, case studies should be done of teachers conducting 
demonstrations so that a more in-depth understanding can be obtained of contextual 
factors and how these factors influence the form of demonstration. 
5.5 CONCLUSION 
This study explored pedagogical orientations of Namibian Grade 8 Physical Science 
teachers when conducting Chemistry practical demonstrations. The findings of this study 
showed that teachers conduct demonstrations during the allocated timetabled time for 
practical work. These findings are in accordance with the prescripts advocated by the 
Namibian Ministry of Education that most practical activities should be achieved through 
demonstrations (Namibia. MoEAC, syllabus, 2015). 
From this study, it became clear that Physical Science teachers value and acknowledge 
the active involvement of learners in the teaching and learning process of Physical 
Science. It also emerged from this study that teachers are considerate of requirements of 
the NCBE, and the suggested practical activities specified in the Physical Science 
curriculum document (Namibia. MoEAC, syllabus, 2015) and they attempt to teach the 
subject through practical activities amid their school conditions and contextual factors 
hampering the teaching and learning process of Physical Science. Findings emanating 
from this study further revealed that, given the existence and influence of contextual 
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factors that teachers in Namibia experience, such as lack of resources to conduct 
practical work, insufficient time allocated for practical lessons and the issue of large class 
sizes, it would appear from the results of this study that in Oshikoto Region teacher-
orchestrated demonstrations are regarded as being the most effective forms of practical 
work by which learners can derive learning benefits, such as acquiring an understanding 
of science concepts, developing practical skills and developing an interest in science. 
From the findings it can also be seen that although the demonstrations are teacher 
orchestrated, the pedagogical actions of the teacher suggest that the learners are 
cognitively engaged. During the demonstration learners are requested to make 
observations and they are prompted to explain their observations. After the 
demonstration, learners are engaged in class discussions. From this, an inference can 
be made that the Chemistry demonstrations conducted by teachers in the Oshikoto 
Region of Namibia take on a form of a whole class. The findings of this study invite further 
investigation into the classroom practices during demonstrations, with a view to collecting 
rich qualitative data on communication structures emanating from teacher-learner and 
learner-learner interactions. 
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APPENDICES 
Appendix A1: Questionnaire 
 
Questionnaire for Physical Science teachers doing practical work in Oshikoto Region, 
Namibia. 
 
Dear Teacher 
 
I am Tomas Megameno Shivolo, an MEd (Science Education) student from the University of 
Johannesburg, Republic of South Africa, and I am currently engaged in research on the teaching 
of Chemistry. 
 
In this regard, I would appreciate if you would complete the enclosed questionnaire. I wish to 
assure you that all information obtained will remain confidential. 
Should you have any queries please feel free to contact me. 
 
Thanking you in anticipation of your cooperation. 
 
Yours sincerely 
 
Mr. Tomas Megameno Shivolo 
Cell: +264 812 713 988 
E-mail: shivoloh@gmail.com OR 
217004657@student.uj.ac.za 
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Section A: Personal and School details 
Mark your response by crossing the number you think is most appropriate. Otherwise, indicate 
your response in the space provided. 
Example: If you do not have a TV then cross 2 as shown 
Yes 1 
No 2 
1. Where is your school located? 
City 1 
Town 2 
Semi-rural 3 
Rural 4 
2. How many years’ experience do you have teaching Physical Science?  
0 - 5 years 1 
6 - 10 years 2 
11 - 15 years 3 
15+ years 4 
3. What grade/s are you currently teaching? 
  ____________________________________________________ 
4. What subject/s are you currently teaching? 
  ____________________________________________________ 
5. What is/are your qualification/s to teach Physical Science? (Cross more than one number if 
necessary) 
None 1 
ACE in Physical Science 2 
Teaching diploma in Physical Science 3 
Science degree 4 
Education degree in Physical Science 5 
Honour’s degree in Science Education 6 
Honour’s degree in Science 7 
Master’s degree in Science Education 8 
Master’s degree in Science 9 
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If other qualification, please specify: 
_______________________________________________________ 
 
6. Are you doing professional development studies in Physical Science at the moment? 
Yes 1 
No 2 
 
If so, please specify your study: 
______________________________________________________ 
7. Have you received any professional development related to teaching science practical work in 
the current academic year? 
Yes 1 
No 2 
 
8. How would you describe your school in terms of availability of resources for teaching Physical 
Science? 
No resources  1 
Poorly resourced 2 
Adequately resourced 3 
Well-resourced 4 
 
9. How many Physical Science laboratories does your school have? 
0 1 2 3 4 4+ 
10. What is the primary medium of instruction at your school? 
______________________________________________________ 
11. How many Physical Science learners per grade are there at your school? 
Grade 8  
Grade 9  
Grade 10  
Grade 11  
Grade 12  
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12. What is the average number of learners in the Physical Science classes you teach? 
0-20 learners  1 
21-30 learners 2 
31-40 learners 3 
41-50 learners 4 
50+ learners 5 
 
Section B 
The following items relate to practical work in Chemistry. Practical work is regarded as: 
"A learning activity in which students observe, investigate and develop an understanding of the 
world around them, through direct, hands-on, experience of phenomena or manipulating real 
objects and materials." 
 
1. How much timetabled time is allocated to practical work each week? 
  ____________________________________________________ 
2. How many minutes of your teaching time do you use for teacher-led demonstrations and learner 
practical activities? 
Teacher-led demonstrations  
Learner practical activities  
 
3. How many practical activities are done per week for each Physical Science class you teach? 
     
Teacher-led demonstrations  
Learner practical activities  
 
4. Cross below your preference for either teacher-led demonstrations or learner practical 
activities. 
 
  
 
 
 
Teacher-led demonstrations 1 
Learner practical activities 2 
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5. How has the proportion of your lesson time spent on practical work activities/experiments 
changed since the last curriculum reform? 
 
Increased  1 
Decreased 2 
Stayed the same 3 
 
6. Please indicate how often learners work individually, in pairs or in groups when carrying out 
practical work activities/experiments. 
 
Never Seldom  
About half 
the time 
Most of the 
time 
Always  
6.1 Learners work as 
individuals 
1 2 3 4 5 
6.2 Learners work in pairs 1 2 3 4 5 
6.3 Learners work in 
groups (3 or more learners 
per set of equipment) 
1 2 3 4 5 
 
7. Please indicate how frequently learners do the following when carrying out practical work. 
 No activities  
A few 
activities  
About half of 
the activities 
Most 
activities  
All 
activities  
7.1 Follow prepared 
instructions 
1 2 3 4 5 
7.2 Discuss purpose 
of activity or 
experiment 
1 2 3 4 5 
7.3 Design their own 
method 
1 2 3 4 5 
7.4 Propose a 
hypothesis 
1 2 3 4 5 
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7.5 Evaluate 
uncertainty of data 
1 2 3 4 5 
7.6 Analyse 
conceptual ideas in 
the activity or 
experiment 
1 2 3 4 5 
7.7 Draw 
conclusions from 
data 
1 2 3 4 5 
7.8 Write a report 
about the 
activity/experiment 
1 2 3 4 5 
 No activities  
A few 
activities  
About half of 
the activities 
Most 
activities  
All 
activities  
7.9 Evaluate 
methods of activity 
or experiment 
1 2 3 4 5 
7.10 Evaluate other 
students’ 
experiments 
1 2 3 4 5 
 
8. Please indicate how frequently you do the following when leading a practical demonstration 
 No demos A few 
demos 
About half 
the demos 
Most 
demos  
All 
demos  
8.1 I begin the demonstration 
by asking the learners to 
make a prediction on what 
will happen. 
1 2 3 4 5 
8.2 I talk and show an 
experiment while they listen 
quietly 
1 2 3 4 5 
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8.3 I ask learners to explain 
what they observe 
1 2 3 4 5 
8.4 I provide an explanation 
of what the learners observe 
1 2 3 4 5 
8.5 I write the results on the 
board and the learners copy 
it in their books 
1 2 3 4 5 
8.6 I get learners to read 
results 
1 2 3 4 5 
8.7 After learners make an 
observation, I ask them to 
compare this to what they 
had predicted at first  
1 2 3 4 5 
8.8 I get learners to come 
and assist me during the 
demonstration 
1 
 
 
2 3 4 5 
 No demos A few 
demos 
About half 
the demos 
Most 
demos  
All 
demos  
8.9 I demonstrate to the 
whole class 
1 2 3 4 5 
8.10 I demonstrate to groups 
of learners 
1 2 3 4 5 
8.11 I ask learners to handle 
an apparatus during the 
demonstration 
1 2 3 4 5 
8.12 After the demonstration, 
I stimulate a class discussion 
on the results 
1 2 3 4 5 
8.13 After the demonstration, 
I ask learners to write a 
report 
1 2 3 4 5 
 135 
 
8.14 I provide learners with a 
worksheet to complete 
1 2 3 4 5 
 
9. Please rate the following learning outcomes for teacher-led demonstrations. 
 Unimportant  Of little 
importance 
Moderately 
important 
Important  Highly 
important 
9.1 To help learners 
understand a science 
concept 
1 2 3 4 5 
9.2 To motivate learners 
in science 
1 2 3 4 5 
9.3 To stimulate interest 
in science 
1 2 3 4 5 
9.4 To develop science 
skills such as handling 
an apparatus 
1 2 3 4 5 
9.5 To help learners to 
observe physical 
changes in science 
phenomena 
1 
 
2 3 4 5 
 Unimportant  Of little 
importance 
Moderately 
important 
Important  Highly 
important 
9.6 To support learners 
develop social skills  
1 2 3 4 5 
 
10. Please rate the following learning outcomes for learner-led practical activities. 
 Unimportant  Of little 
importance 
Moderately 
important 
Important  Highly 
important 
10.1 To help learners 
understand a science 
concept 
1 2 3 4 5 
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10.2 To motivate 
learners in science 
1 2 3 4 5 
10.3 To stimulate 
learner interest in 
science 
1 2 3 4 5 
10.4 To develop 
science skills such as 
handling an apparatus 
1 2 3 4 5 
10.5 To help learners to 
observe physical 
changes in science 
phenomena 
1 2 3 4 5 
10.6 To support 
learners develop social 
skills  
1 2 3 4 5 
 
11. Please compare and rate the impact of these factors on choosing whether to do a teacher-led 
demonstration or a learner practical activity. View each question in the table as separate. 
 No impact 
1 
2 3 4 High impact 
5 
11.1 Amount of 
timetabled lesson time 
1 2 3 4 5 
11.2 Curriculum 
requirements for 
prescribed activities 
1 2 3 4 5 
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11.3 Preparation for 
written exams 
1 2 3 4 5 
 No impact 
1 
2 3 4 High impact 
5 
11.4 Preparation for 
practical exams 
1 2 3 4 5 
11.5 Requirements for 
coursework or controlled 
assessment 
1 2 3 4 5 
11.6 Availability of 
equipment and 
resources 
1 2 3 4 5 
11.7 Availability of 
technical support 
1 2 3 4 5 
11.8 Your self-
confidence for teaching 
practical work 
1 2 3 4 5 
11.9 Students’ interest in 
science 
1 2 3 4 5 
11.10 Students’ 
behaviour 
1 2 3 4 5 
 
12. Please rate how well you think students are prepared for practical activities/experiments when 
they begin Grade 8. 
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 Very 
unprepared 
Unprepared  Marginally 
prepared 
Well 
prepared  
Very well 
prepared  
12.1 Working 
independently in a 
laboratory 
1 2 3 4 5 
12.2 Following a set of 
instructions 
1 2 3 4 5 
12.3 Using science 
equipment 
1 2 3 4 5 
12.4 Writing science 
reports 
1 2 3 4 5 
 
Section C 
The following description presents a teaching-learning scenario. Read the scenario and then think 
about how you would teach the lesson. 
 
Ms Angula’s class is learning about Boyle’s gas law. The volume of an enclosed gas is inversely 
proportional to pressure if temperature is kept constant. 
 
Think about how you would teach this lesson. 
 
Would you teach this lesson by doing a teacher-led demonstration or getting learners to do the 
practical work? Indicate your choice by a cross below: 
 
Teacher-led demonstration 1 
Learner practical activity 2 
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Based on your choice above, describe how you will do either the teacher-led demonstration or 
get the learners to do the practical activity. 
 
 
 
 
 
 
 
 
 
 
 
 
Explain your teaching decision to do either a teacher-led demonstration or a learner practical 
activity. 
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Appendix A2: Request letter to the Director to conduct research 
 
Faculty of Education     Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Director of Education 
Oshikoto regional Council 
Directorate of Education 
08 December 2017 
 
Dear Mr Kafidi 
 
Subject: Request for permission and access to conduct educational   
  Research at all schools with grade 8 in Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Master in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) and a Physical Science Teacher Grade 8 – 10 and Head of 
Department for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya 
Circuit, Oshikoto Region. I hereby humbly request for permission to conduct a research study at 
all schools with Grade 8 in Oshikoto Region, planning to begin between January and March 
2018. 
My topic of study is: Teachers’ pedagogical orientations in Grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study, which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Appendix A4: Request letters to the Inspectors of Education 
       Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Omuthiya Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Mr Nangolo 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Masters in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) a Physical Science Teacher Grade 8 – 10 and Head of Department 
for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya Circuit, 
Oshikoto Region. I hereby humbly request for permission to conduct a research study at all 
schools with Grade 8 in Omuthiya Circuit, planning to begin between January and March 2018. 
Permission to conduct such research study has already been granted to me by the Regional 
Director (See the attached communique). 
 
My topic of study is: Teachers’ pedagogical orientations in Grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Faculty of Education      Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Onankali Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Mrs Frederiek 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Masters in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) a Physical Science Teacher Grade 8 – 10 and Head of Department 
for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya Circuit, 
Oshikoto Region. I hereby humbly request for permission to conduct a research study at all 
schools with Grade 8 in Omuthiya Circuit, planning to begin between January and March 2018. 
Permission to conduct such research study has already been granted to me by the Regional 
Director (See the attached communique). 
 
My topic of study is: Teachers’ pedagogical orientations in grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Faculty of Education      Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Onathinge Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Ms Amuthenu 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Masters in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) a Physical Science Teacher Grade 8 – 10 and Head of Department 
for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya Circuit, 
Oshikoto Region. I hereby humbly request for permission to conduct a research study at all 
schools with Grade 8 in Omuthiya Circuit, planning to begin between January and March 2018. 
Permission to conduct such research study has already been granted to me by the Regional 
Director (See the attached communique). 
 
My topic of study is: Teachers’ pedagogical orientations in grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Faculty of Education      Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Onkumbula Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Mr Angula 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Masters in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) a Physical Science Teacher Grade 8 – 10 and Head of Department 
for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya Circuit, 
Oshikoto Region. I hereby humbly request for permission to conduct a research study at all 
schools with Grade 8 in Omuthiya Circuit, planning to begin between January and March 2018. 
Permission to conduct such research study has already been granted to me by the Regional 
Director (See the attached communique). 
 
My topic of study is: Teachers’ pedagogical orientations in grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
  
 151 
 
 
Faculty of Education      Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Onyaanya Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Mr Uugwanga 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Masters in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) a Physical Science Teacher Grade 8 – 10 and Head of Department 
for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya Circuit, 
Oshikoto Region. I hereby humbly request for permission to conduct a research study at all 
schools with Grade 8 in Omuthiya Circuit, planning to begin between January and March 2018. 
Permission to conduct such research study has already been granted to me by the Regional 
Director (See the attached communique). 
 
My topic of study is: Teachers’ pedagogical orientations in Grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study, which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Faculty of Education      Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Onyuulaye Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Mr Nafine 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
 
I am Tomas Shivolo, a full-time registered Masters in Education (Science Education) student at 
the University of Johannesburg, Auckland Park Kingsway Campus (APK), Johannesburg, South 
Africa (Student: 217004657) a Physical Science Teacher Grade 8 – 10 and Head of Department 
for Mathematics and Science Grade 5 – 10 at Niigambo Combined School, Omuthiya Circuit, 
Oshikoto Region. I hereby humbly request for permission to conduct a research study at all 
schools with Grade 8 in Omuthiya Circuit, planning to begin between January and March 2018. 
Permission to conduct such research study has already been granted to me by the Regional 
Director (See the attached communique). 
 
My topic of study is: Teachers’ pedagogical orientations in Grade 8 teacher-orchestrated 
Chemistry practical demonstrations: A focus on Oshikoto Region, Namibia. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Faculty of Education      Faculty of Education 
University of Johannesburg 
PO Box 524 
Tel: 011-5594384 
 
 
Mr. Tomas Shivolo 
P O Box 30044 Onankali-South 
Cell: 0812713988 
E-mail: shivoloh@gmail.com 
 
 
The Inspector of Education 
Oshigambo Circuit 
Oshikoto regional Council 
Directorate of Education 
05 January 2018 
 
Dear Mr Uugwanga 
 
Subject: Request for permission and access to conduct educational Research at 
  all schools with Grade 8 in Omuthiya Circuit, Oshikoto Region. 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
 
 
Sincerely, 
 
Tomas Shivolo 
University of Johannesburg 
MEd in Science Education 
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Having gained experience of teaching Physical Science, at rural schools in Oshikoto Region for 
over a decade, I observed that, despite the calls for conducting practical work in teaching Physical 
Science by the National Curriculum, some teachers find it difficult to conduct practical work due 
to the lack/shortage of science apparatus, equipment and/or facilities at most of these rural 
schools in the Region and some employ practical work differently during their teaching. Grade 8 
being, the transitional grade from primary phase through junior to senior secondary phase in the 
Namibian contexts, advocates for learners to be exposed to practical work which is a requirement 
for the practical work paper at the senior secondary level in their later school life. 
 
For this reason, this research study which is comprised of two phases, will help in establishing 
the different pedagogies, Grade 8 teachers conduct when orchestrating Chemistry practical 
demonstrations. The first phase which is a questionnaire survey will be used to collect data from 
approximately, 200 Grade 8 Physical Science teachers about their practice. The second phase 
is intended to observe and interview a sample of 10 participant from a pool of 200 teachers who 
opted for teacher-orchestrated practical demonstrations. 
 
I would like to assure your office that, should I be granted permission, the research ethics will be 
applied always when carrying out my research. The identity of each participant and their views or 
contributions and their schools will be treated with a high degree of confidentiality and anonymity. 
Kindly, could you also provide me with a list of all schools in your circuit with Grade 8. 
 
Your humble understanding in this regard will be highly appreciated and I look forward to hearing 
from you soon. 
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MEd in Science Education 
  
 159 
 
Appendix A5: Ethical clearance certificate 
 
 160 
 
Appendix A6: Informed consent/assent forms 
 161 
 
 
 162 
 
Appendix A7: School demographic information 
School location 
 Value Count Percent 
Valid Values 1 City 0 0.0% 
2 Town 7 8.0% 
3 Semi-rural 16 18.4% 
4 Rural 64 73.6% 
 
Appendix A8: Resource availability at schools 
Availability of Resources 
 Value Count Percent 
 
Label How would you 
describe your 
school in terms of 
availability of 
resources for 
teaching Physical 
Science? 
  
Valid Values 1 No resources 28 32.2% 
2 Poorly resourced 37 42.5% 
3 Adequately 
resourced 
17 19.5% 
4 Well-resourced 5 5.7% 
 
Number of laboratories 
 Value Count Percent 
 
Label How many 
Physical Science 
laboratories does 
your school have? 
  
Valid Values 0 None 62 71.3% 
1 Single 19 21.8% 
2 Multiple 6 6.9% 
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Appendix A9: Learning outcomes for teacher-orchestrated demonstrations 
To help learners understand a science concept 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Unimportant 1 1.1 1.1 1.1 
Of little importance 1 1.1 1.1 2.3 
Moderately important 5 5.7 5.7 8.0 
Important 18 20.7 20.7 28.7 
Highly important 62 71.3 71.3 100.0 
Total 87 100.0 100.0  
 
To motivate learners in science 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Of little importance 4 4.6 4.6 4.6 
Moderately important 10 11.5 11.5 16.1 
Important 28 32.2 32.2 48.3 
Highly important 45 51.7 51.7 100.0 
Total 87 100.0 100.0  
 
To stimulate interest in science 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Of little importance 4 4.6 4.6 4.6 
Moderately important 14 16.1 16.1 20.7 
Important 27 31.0 31.0 51.7 
Highly important 42 48.3 48.3 100.0 
Total 87 100.0 100.0  
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To support learners, develop social skills 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Unimportant 1 1.1 1.1 1.1 
Of little importance 2 2.3 2.3 3.4 
Moderately important 21 24.1 24.1 27.6 
Important 24 27.6 27.6 55.2 
Highly important 39 44.8 44.8 100.0 
Total 87 100.0 100.0  
 
 
 
 
 
 
 
 
 
 
  
 
To help learners to observe physical changes in science phenomena 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Of little importance 4 4.6 4.6 4.6 
Moderately important 14 16.1 16.1 20.7 
Important 27 31.0 31.0 51.7 
Highly important 42 48.3 48.3 100.0 
Total 87 100.0 100.0  
To develop science skills such as handling an apparatus 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Of little importance 6 6.9 6.9 6.9 
Moderately important 14 16.1 16.1 23.0 
Important 20 23.0 23.0 46.0 
Highly important 47 54.0 54.0 100.0 
Total 87 100.0 100.0  
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Appendix A10: Classroom observation checklist 
 
 Yes No Explanation 
I begin the demonstration by asking the learners to 
make a prediction on what will happen 
   
I talk and show an experiment while they listen 
quietly 
   
I ask learners to explain what they observe    
I provide an explanation of what the learners 
observe 
   
I write the results on the board and the learners 
copy it in their books 
   
I get learners to read results    
After learners make an observation, I ask them to 
compare this to what they had predicted at first  
   
I get learners to come and assist me during the 
demonstration 
   
I demonstrate to the whole class    
I demonstrate to groups of learners    
I ask learners to handle an apparatus during the 
demonstration 
   
After the demonstration, I stimulate a class 
discussion on the results 
   
After the demonstration, I ask learners to write a 
report 
   
I provide learners with a worksheet to complete    
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Appendix A11: Video transcripts 
______________________________________________________________________ 
Note: the codes used in these transcriptions for teachers, are the same codes that were used in 
the questionnaire survey. For this qualitative analysis, 10 teachers have been selected and their 
codes are as follow: T2, T3, T6, T9, T16, T25, T33, T55, T76 and T83. Wherever these codes are seen, 
they are denoting these teachers, whereas, R, resembles the researcher: 
Teacher 2 
Shortly after she entered the class, the teacher greeted the learners and started her 
lesson through asking learners some question 
Teacher:  Nghinamawe, 
Learner:  exothermic is a reaction, 
Teacher:  loud, 
Learner:  exothermic is a reaction…. (distractions) 
Teacher:  so, she say, endothermic reaction is a reaction in which, more energy is 
needed, more energy is needed to break the bonds, so that means that 
energy, is aah, is what, is taken from the surrounding and is needed to break 
the bond, and exothermic and who can remember exothermic quickly, 
before we start with a demonstration, hee? Anybody? Come in, come in, 
come in, come in, 
Learner:  exothermic is a reaction… 
Teacher:  loud, 
Learner:  is a reaction which take more energy, is needed to (not so loud). 
Teacher:  I think is taken in, endothermic, eeh, Maria, can you help her out. 
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Learner:  a reaction in which…. 
Teacher:  come again, 
Learner:  a reaction in which energy…. 
Teacher:  more is needed to do what? To be released, is that what I taught you? I said 
endothermic reaction, energy is taken what? Energy is taken in from the 
surrounding, while exothermic, energy are.. exothermic reaction, energy is 
released to the surrounding, so now we are just going to, to observe what 
is going to happen here, can you come closer now. 
(teacher asked learners to come closer and do the observation of the demonstration she 
is just about to embark upon) 
Teacher:  so, this is one of the rule that I have taught you eeh!, that when you are 
using chemicals you should put on what? What are these? 
All learners: glasses, 
Teacher:  hee? 
All learners: glasses, 
Teacher:  okay, I hope I can see. So, these are the test tubes that we are going use 
and this is what we call the, what do we call this? This is what we call the 
test tube rack, ooh, broken. And this is the Eno we are going to put in hot 
water. Sara can you quickly go and get us water here. Come again, and 
these are the thermometers, because we are going to measure the 
temperature, we say for endothermic, it’s going to be colder after the 
reaction and for exothermic it’s going to be warm after the reaction. 
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(after displaying the materials to be used in the demonstration, the teacher started with 
the demonstration and asked learners to make observations) 
Teacher:  for now, we are going to observe, first what we are going to use Eno. Okay 
before I react Eno, before I react Eno into cold water, we are going to, aah, 
measure the temperature of water. So, who can read the temperature? How 
many degrees are those? 
Learner:  20 degrees Celsius, 
Teacher:  20 degrees Celsius, okay now are going to react the Eno into cold water 
and we look at the temperature again. Now, okay we can wait for some 
minutes and let’s say the temperature is going to decrease as we say for 
endothermic, after the reaction, the products, it will be what? Colder. 
(teacher made learners feel the test tube) 
Teacher:  you can all feel, colder, mhuu, yeah, who can tell us, what did you feel when 
you touch the test tubes with your hands, what did you feel? Hee? Emilia, 
what did you feel when you touch the test tubes with your hands, was it 
warm or cold? 
Learner:  it was cold, 
Teacher:  it was cold ne? Was it all cold to you when you touched the test tube? 
All learners: yes, 
Teacher:  alright, then I think we are done with this, then we move to, an exothermic 
reaction, we say the products are going to be? 
All learners: warm, 
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Teacher:  warm, or warmer compared to the reactions, so now we are going to react 
these granules in diluted hydrochloric acid, this is a hydrochloric acid, 
corrosive, so one need to handle it with care, am I able to open this, very 
tight, so the gas produced, what is the name of the gas produced? Metal 
plus, acid is equal to? 
All learners: metal oxide? 
Teacher:  metal what? oxide? metal salt plus what? Heee? Metal salt plus what? So, 
which gas is being produced? 
Learner:  carbon dioxide, 
Teacher:  carbon dioxide, oh my God! Hee? Kakwena, what is the name of the gas 
being produced? The gas produced is what? Is hydrogen, and we say, the 
gas produced is hydrogen and we test for hydrogen. Who can give us the 
test for hydrogen, bring a what? It should have a fire ne, it will make a pop 
sound. Ehee, you want to say I did not teach you those things? We say for 
hydrogen bring the lighted splint closer to a jar containing the gas and the, 
the stick will make a, a pop sound, very good. 
Teacher:  it’s not done reacting ne, as you can see, it’s still boiling? I don’t know if I 
can touch it with my hands, I cannot, how will we see the temperature? 
Okay, you don’t need to touch you can just feel, don’t touch not at the 
bottom, just at the side, don’t touch, I mean hot. So, we, we have all 
observed that this beaker, I mean test tube is very, very hot, so an 
exothermic reaction energy is, energy is released to the surrounding, that’s 
why you can see, the beaker is now becoming, I mean the test tube have 
become warmer. Now we can all go sit, I think we have seen the different 
between the two reactions. Is there any question before you go and sit? 
All learners: no question. 
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Teacher 3 
The teacher entered the class, he introduced the researcher to the learners and he 
started with his lesson through asking learners questions about the theory topic 
they covered on the lesson under discussion 
Learner:  over a distance, 
Teacher:  when particles? 
Learner:  gain energy and move over a distance take up more space, 
Teacher:  and move over a distance then they take up space, that’s what we call 
expansion, eeh, on today we are going to do a demonstration on the ball 
and ring, this two apparatus we are going to do a demonstration on this one, 
expansion of solids you know that ball I draw that one we draw in your note 
books. Can you go to that page, we said a ball and a ring? 
(Teacher display the ball and ring apparatus) 
Teacher:  this is what we call a ball and a ring. Have you seen it before? 
All learners: no, eeh, 
All learners: no, 
Teacher:  this a ring, this one is a ball, aah, when the ball is not heated it can still pass 
through this ring, you can see ne, 
All learners: yes, 
Teacher:  now we are going to see what will happen if start heating the ball, will it still 
pass through the ring or not, that is what we are going to demonstrate, the 
ball is in a state of a solid, you can even see, or is it in a liquid state? 
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All learners: no, solid 
Teacher:  solid eeh, 
All learners: yes 
Teacher:  very good, let me not waste time, let me not waste time, I think we are going 
to do it in groups eeh, okay, I will demonstrate here, can you give me a 
space, this eeh, desk. 
(teacher starts with a demonstration, where he started heating the ball while learners were 
observing) 
Teacher:  I see it will get some energy. Can you all see ne? 
All learners: yes, …. 
Teacher:  move a bit closer, but not close to the …. (some distractions) expansion 
let’s see if expansion have take place, we may still heat it again. You may 
have your note books then you compare of what I taught you the other time 
with what you are observing here. 
(teacher continues heating the ball while learners are observing) 
Teacher:  and then, can you see now? 
All learners:  yes sir 
Teacher:  expansion has just take place now, now why the ball is not passing through 
the ring? Who can tell me, because, who can tell me, 
Learner:  heated, 
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Teacher:  what happen when the ball was heated, mhuu? what happen when the ball 
was heated? Hee? What happen when the ball was heated? 
All learners: Expand, get fat 
Teacher:  get fat? 
All learners: “(laughter)” 
Teacher:  what happen to the particles? 
Learner:  get fat, 
Teacher:  mhuu, what happen to the particles? Mhuu? What happen to the particles? 
who can tell us what happen to the particles? Kennedy, 
Learner:  sir 
Teacher:  what happen to the particles? I said it now, now, when I just said we are 
going to the demonstration on this one, the particles of solid gain what? 
All learners: gain energy 
Teacher:  and start? Who can tell us nicely, Bonny, you were saying something very 
nice from the beginning, I don’t know what happen now, mhuu? 
Learner:  gain energy, 
Teacher:  yes 
Learner:  and move over a greater distance, 
Teacher:  they gain energy and move over a great space, and take up space ne? 
thank you, now you know what is expansion now ne? 
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All learners: yes sir, 
Teacher:  ehee, Nakaziko? 
Learner:  sir 
Teacher:  what is this one, the one which is producing fire now? This is what we call 
a Bunsen burner, can you go back to your laboratory, euip…aah, apparatus, 
don’t we have a Bunsen burner, on that copy? mhuu? Where is it, but that 
one is a bit different from this one eeh, 
All learners: yes 
Teacher:  yeah, as long as its producing fire and this is what we call a ball and a ring, 
so is there any question before we say goodbye? 
Learner:  goodbye? 
Teacher:  mhuu, any question on the demonstration that we did here on expansion? 
On solid? Okay let me ask you again, Nakaziko, I said when solids are 
heated, what happens to the particles? no, no, just what I explained here, 
what happen to the particles when the solid are heated? Who can tell us? 
It was said by Bonny now, what happen to the particles when solids are 
heated? Okay, Bonny can you help us again? What will happen to the 
particles? 
Learner:  gaining energy, and move, and move over a greater distance, 
Teacher:  and move over a distance, they vibrate ne? A little faster and take up space. 
Okay, what happen when the ball was passing through the ring? When you 
cool this ball, what will happen to the particles when they lose energy? What 
will happen? Hee, if we cool this ball and, hee, what will happen to the 
particles as they lose energy, now the particles they gain energy, that’s why 
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the ball cannot pass through the ring anymore and what more if we let it to 
cool down and lose energy, what will happen now? The particles if they lose 
energy, what will happen. Kennedy? 
Learner:  sir? 
Teacher:  what will happen to the particles if they lose energy. 
Learner:  eeeh, mhuu, 
Teacher:  yes. 
Learner:  the ball will pass through the ring, 
Teacher:  yes, I said if particles lose energy, the ball will pass through the ring. What 
happen to the particles in the ball? 
Learner:  they lose energy, 
Teacher:  mhuu, they lose energy and go back to their, normal, normal 
All learners: size, size, 
Teacher:  normal position. The particles will lose energy and they will contract, then, 
then they will move back to their normal position that’s why the ball will now 
pass through the ring. Do you understand? 
All learners: yes. 
Teacher:  If you understand, who can tell me again, what will happen if we let the ball 
to cool down. I just said it now, now, okay now the ball can pass through the 
ring. What happen now 
All learners: (learners utter the answer) 
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Teacher:  hee? No, no, one person at a time. What happen? 8 A, yes, 
Learner:  the particles, the particles…, because, 
Teacher:  because why they go back t their normal position, because, 8 A, eehee, 
Learner:  they lose energy, 
Teacher:  because they lose energy. Thank you very much. I hope we all understand 
now 
All learners: yes. 
Teacher:  Does not mean for how long it will be heated as long as you know it gain 
energy and it cannot pass through the ring and you know expansion has 
take place, hee, okay thank you. 
Teacher 6 
The teacher entered the class and she greeted learners, and this is the sequence 
of her lesson 
Teacher:  good, is it morning time or afternoon? Good morning learners? 
All learners: good morning Ms, 
Teacher:  how are you? 
All learners: we are fine how are you Ms? 
Teacher:  are you happy? Is it hot? 
All learners: yes… 
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Teacher:  okay sit down, sit down, who can remember about the lesson of yesterday 
it was on, on kinetic particle theory of matter, can we remember those points 
of our kinetic theory particle of matter? 
Teacher:  yes Ms, Eeh, 
Teacher:  can we mention them? Eeh, Agnes, 
Learner:  all matter consists of particles, 
Teacher:  all matter consists of particles, loud people, Jesaya, 
Learner:  there is a space between these particles 
Teacher:  there are spaces between particles, Indileni, 
Learner:  the particles move continuously, 
Teacher:  particles are always moving continuously, Yes Robert, 
Learner:  these particles move or speed according to temperature, 
Teacher:  the particles move or speed up according to the, to the temperature and the 
fifth one? Or are they all done? Yes, 
Learner:  there is space between the particles, 
Teacher:  there are spaces between the particles, I think we mentioned that, okay for 
today, aah, we are going to talk about particles moves or speed up 
according to the temperature and we are going to talk about expansion, 
okay. 
(teacher displays a poster on the demonstration to be carried out) 
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Teacher:  So here is just a, a summary on what is an expansion, expansion is when 
matter is heated, and particles vibrate fast, you remember, aah, you know 
heating is temperature eee. 
All learners: yes 
Teacher:  when we heat the particles of matter, they will vibrate fast according to the 
temperature and then these particles will collide with its neighbour and they 
will take more space, okay are we together? 
All learners: yes Ms, 
Teacher:  so, we are going to carry, or we are going to do a practical about expansion. 
Is that clear? 
All learners: yes Ms, 
Teacher:  you can remember what expansion is ee, who can tell me what expansion 
is in short? Yes, aah, Ndapanda! 
Learner:  expansion is the increase in size as a result of heating. 
Teacher:  to increase the size of particles as a result of heating. Are we together 
All learners: yes Ms 
Teacher:  so, today we are going to carry this experiment on expansion, right, so the 
aim of this practical is to demonstrate the ball and ring experiment, okay. 
(teacher presents to the learners the materials to be used in this demonstration) 
Teacher:  there are some of our materials, teaching materials that we have here for 
us to be able to carry our experiment, ooh, and there are some instructions 
that we have to follow when we are going to carry our experiment and we 
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are just going to be in one group because you see, materials are not 
enough. Is that okay? 
All learners: yes Ms, 
Teacher:  oh right. The instruction? Before we go to the instructions, let me go to the 
materials that we need eeh. We need a ball and ring, this one, you see eeh, 
All learners: yes Ms, 
Teacher:  this one is the ball that we are talking about, okay. And this is the ring that 
is there, is the material that we are going to use eeh, and this one, you see 
this one? You know what is this? 
All learners: yes Ms 
Teacher:  what is it? It’s a 
All learners: Bunsen burner, 
Teacher:  it’s a Bunsen burner and this is the one that we are going to use to heat the 
ball, okay. And what else? We have a match for our flame and the spirit that 
we are going to use as our fuel. Okay, eeeh, in the instruction, we are going 
to test whether the ball can pass through the ring, okay, this ball eeh, will it 
pass through here? Okay, number two, we are going to heat our ring, in this 
case we are not going to heat the ring eeh, we are going to heat the ball, 
are we together? 
All learners: yes, 
Teacher:  right and then number three, test whether the ball can pass through the ring 
immediately, after we heat the ball. Are we together? 
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All learners: yes, 
Teacher:  right. Now, I am, am, am asking you to come and stand all of you here and 
then see what or see what will happen. Is that okay? Can all of you come? 
You know spirit eeh, we can use it as our fuel. Sorry, there are some safety 
precautions that we have to take or to put in mind that while we are working 
with a flame, you know a fire eeh, we should be very, very, very alert and 
very careful, because it can cause burning. Okay, and then we should be? 
We should not leave our Bunsen burner unattended after we finish? Are we 
together? 
All learners: yes, 
Teacher:  oh, right, now, we are going to, to to, to see how the ball, first when we, we, 
when we fit it first before we heat the ball, right, it will just go through, before 
we heat, we heat the ball, we, we, we can see its just going through, you 
see eeh, 
All learners: yes 
Teacher:  okay, now we are going to heat it. We are going to put on the Bunsen burner, 
we should be careful with the flame eeh, and then we are going to, to, to 
heat the, the ball and then fit it in the ring to see if it will still? It will still pass. 
(teacher started heating the ball) 
Teacher:  okay, we are going to heat it. Are you observing? 
All learners: yes Ms, 
Teacher:  and then they say, after, immediately after we burn it, we observe, it will, if 
it will fit again okay, can I just move it? Immediately after we heat it… and 
you try to, you see? So, the, the particles vibrates and then 
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Learner:  expand, 
Teacher:  it expands, according to the, depend on the temperature, you see eeh, it 
was first fitting and after all, it’s no more fitting after heating. Are together? 
All learners: yes, 
Teacher:  no more fitting, when it becomes, get hotter, cooler it will fit in, you see its 
getting cooler, you see? Do you have questions? Do you have questions 
people? Questions, right, after all, we have to remove, can we just put the 
flame off, Kaposi, can you just put the flame off? (one learner put the flame 
off), good, right you can go down and then we do this work in, pairs, in pairs, 
sit down and I will explain what to do. You observed what happened, eeh, 
All learner:  yes 
Teacher:  before we heat the, the ball you see what happened we fit in the ring and 
after we heat the ball, okay, now there are these three questions that we 
are going to fill, and it’s a having total of ten marks, okay, you sit in pairs, 
two, two, two, two, two, okay, you take a paper, in your group and then you 
answer these three questions. The first question, what do you notice when 
you try to pass the ball through the ring before the ring is heated? You see 
these keys word, before that I just underlined eeh, 
All learners: yes Ms. 
Teacher:  before that means is before we heat it ee, you understand eeh, and then we 
go to question two this is three marks, question two, what do you notice 
when you try to pass the ball through the ring after we heat the, the ring, 
the, the, ball, not the ring, here you put, before, after we heat the ball, this 
is the ball, ee, it’s also, out of three marks and then number three, why the 
ball pass through the ring after the, the ball is heated, with your friend you 
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sit, you discuss about this one and then you answer those three questions, 
and then I will mark. Start now… 
Teacher 9 
Teacher entered the class with me and he introduced me to the learners before 
starting with the lesson 
Teacher:  and we say you know, these three states of matter they have particles, hee, 
where we say these particles they start when they get energy and lose 
energy, today we are going to concentrate on when they are getting energy. 
(There were some problems with the video camera and this was the first lesson observed 
by the researcher. So, the teacher displayed the ball and ring apparatus to be used in the 
demonstration) 
Teacher:  we are going to use and then we are going to go outside so that we can 
have fire, you know we don’t have instruments here so that we can be in 
our class and our class is not also mhuu, a good environment, we are going 
to go outside so that we can make fire, heat the metal, but first before we 
heat let’s check if this ball can fit in the ring, mhuu, okay, I am doing this 
because we don’t have enough materials, you were supposed to do it so 
that you can have a clear proof, ehee, that is the ball, then it go through, 
okay lets see if it can come back again, fit it again, it fits very well nee, yee, 
yes, okay, now lets go outside and make our fire so that we can heat the 
ball to see if it still that metal also expand okay, follow me. 
(The teacher and the learner went outside to demonstrate expansion using the ball and 
ring apparatus) 
Teacher:  and you know first you can see the ball before we heat it. It’s fitting in very 
well, let’s see after heating it what will happen, okay, I am not going to touch 
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with my hands because it’s going to be very hot eeh, I don’t want to burn 
myself. 
All learners: (laughter) 
Teacher:  iyaa, don’t worry it’s not going to explode or burst eeh, it’s a metal. 
(Teacher with the assistance of some learners set up the fire to heat the metal ball) 
Teacher:  okay can anyone get us another firewood from there? Don’t worry, can hold 
here please, okay lets us see if it have expand enough, 
(The teacher attempted fitting the ball in the ring after it has been heated to see if it had 
yet expanded) 
Teacher:  it did not expand yet, we need more firewood eeh, and bring a box eeh, 
don’t worry, we have more firewood that side. Okay, it expand, the weak the 
force between the particles, the more it expand, okay can we give them 
space please. 
Teacher:  I think this time we are not going to miss it (watch out for the ring not to be 
heated, iyaa). 
(While the demonstration is being carried out, the researcher intervened by asking the 
teacher why the experiment is being conducted outside the classroom, as he was not 
informed from the onset why this is so. Researcher: Mr Simon, may be why are you doing 
this experiment outside? Mr. Simon: we are doing it outside because inside the class, the, 
it’s not a suitable place and due to our school today, we don’t have electricity inside the 
class is very dark, outside it will be more clear, and another thing again, we need fire, we 
cannot burn inside the class is not safe and healthy). 
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Teacher:  okay, let us see now, I think it have receive enough heat, mhuu, let’s see 
again, mhuu, can you see now, its already getting stuck, meaning if we 
continue heating it, its not going to go through. Let’s heat it again 
All learners: (laughter) 
Teacher:  then, while we are heating it do you know why the handler is made out of a 
wood? 
All learners: no, 
Teacher:  yee, 
Learner:  yes, 
Teacher:  why? 
Learner:  for the person to, 
Teacher:  for the person to do what? Can you say it louder now, 
Learner:  for the person not to be heated by the 
Teacher:  is heated, for the person not to get burned. Meaning this one, it is a what? 
Is a insulator helping you not be get burned, ee, when you are holding it, 
because if it was made of metal, you know metal is a good conductor of 
heat. Heat can travel through a metal and when you touch it, you get burned, 
this one is an insulator, yes, that’s why I cannot touch the ball with my hand 
now, because it’s very hot, but I can touch the insulator. Okay, let’s try again. 
Can you see? Mhuu, thats now the metal have expanded and cannot no 
longer fit in that hole, that’s why now its holding there, meaning metal 
particles can also, or solid particles, or, they are,, can also do what? 
 184 
 
Expand, increase in size, mhuu? Ehee and the more it get colder, eeh, the, 
mo,, the, the meaning when it’s getting cooler, the particles is losing what? 
All learners: energy, 
Teacher:  heat energy and it do what? It contract, when particles contracts, it can exit 
in again, you can see that now, yee, it’s getting cooler, its staring to fit in, 
mhuu, yes let’s see, can you see, after, it, the particles get cooler, lose 
energy, meaning it contracts and it fit in again, but if you heat it again, it will 
still expand, lets try again, you know it fit, and later again, we heat it again 
to see if it will do the same. Mhuu, mhuu, you are making noise. Okay, let 
us see, I think it have, mhuu, can you see, again after heating it, it expand 
again, but after few seconds, it start to cool down, the particles start to 
contract again and then it will go through, can you see, just, aah, moving, 
little by little, getting, aah, able to fit in, don’t worry, the more it get cooler, 
the more the particles contract and fit in again, but for now, the particles…, 
can you see, why it fit in, mhuu, let me try to move it so that I don’t want to 
burn my hand, mhuu, yes, that’s what usually happen to metals and this is 
very important especially when people are designing bridges, they make 
sure that they leave gaps between metals, to leave a room for what? For 
metals to expand during hot day, when the temperature is high, when 
people are building, building, you know they, there is always some 
openings, they call it what? 
All learners: joints, hee, 
Teacher:  they are called joints. Why do they leave them? Is for the room of expansion 
because brick are also solids, they also expand during the hot day, if there 
is no joint or there is no gap, it will, metals, when they expand, especially 
metals, eeh, bridges, or doors, or, or, like window frames, they will get stuck 
and you cannot open it. Do you understand? 
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All learners: yes, 
Teacher:  mhuu, the moment it expand it will get stuck and you can no longer open it, 
but if there is space between those metals, enough room for expansion, it 
can expand and still operate. Do you understand? 
All learners: yes, 
Teacher:  you can take back the firewood and we can go back to our building. 
 
 
Teacher 16 
As the teacher entered the class, she greeted and learners and expected them to 
stand up, however it was not the case and she started with her lesson as follows. 
Teacher:  how come you are seated today? Who said in the afternoon you sit down? 
Aah, today we are going to look at some of the demonstration and before I 
starts, I would like, who can tell me what we have learned about air, air. 
Anything that you remember about air, mhuu, Awene, just sit down, you 
don’t need to... 
Learner:  we find different gases, we have different gases, 
Teacher:  which are those gases? who can tell me the different of gases that made up 
air? Veronika? 
Learner:  carbon dioxide, 
Teacher:  we have the carbon dioxide, yes, so you wanted somebody to say it, 
Victoria, 
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Learner:  oxygen, 
Teacher:  oxygen, ehee, yes, Immanu, 
Learner:  nitrogen, 
Teacher:  ehee, any other gas? In the air that is not mentioned. So, we only have 
these gases, any other gas, yes, 
Learner:  argon, 
Teacher:  we have argon, we have argon, any other air, so we only have one, two 
three, four, mhuuu, lol, yes Idimwa, apart from these, which other gas? Can 
I give you a clue? Mhuu, is the more slightest gas, very light, it have, the, 
the proton number for that gas ele, aah, is one, mhuuu, okay, which one is 
that? 
Learner:  hydrogen, 
Teacher:  hydrogen, hydrogen, so, what I would like us to do today and prove to you 
that these some of the gases that exist they are among us, isn’t? 
All learners: yes 
Teacher:  who can show me one the gases here? Aah? Who can show me one of the 
gases around us here? Then the air is not around us, 
All learners: it’s around, 
Teacher:  and then what colour is it? Hee, Hello? Am I talking to myself? What colour 
are gases, 
 All learners: colourless, 
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Teacher:  so, we say our gases are colourless, ehee, how do they taste? Can you 
taste it? It’s around us. 
All learners: tasteless, 
Teacher:  tasteless, is it nice is it nice? Hee, who can say is sweet, or sour? Tasteless, 
mhuu, how do they smell? Can you please smell oxygen now? 
All learners: no, 
Teacher:  haa, no smell, they are odourless and thus why, that make it difficult to us 
to tell which gas is which among us. But do we need them? We use them, 
how will you tell that this gas is carbon dioxide? This gas around here is 
oxygen and this gas is hydrogen? If we are saying they are colourless, 
tasteless and odourless? What we agr going to do today we are going to try 
the eeh, test of gases to prove that such gases exists they are colourless, 
but they are not the same they react or they act differently, so, many a times 
we have learned also the different reaction those taking heat, give out heat 
and so, but the main thing here today we are looking at the, we test the gas, 
I would like to put up something here. 
(teacher put up a poster on the board, but she only open it halfway) 
Teacher:  I would like you to focus, but I would like you to know that we can test for 
gases, alright, is that clear, 
All learners: yes, 
Teacher:  is that true? 
All learners: yes, 
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Teacher:  we can tell that this gas is carbon dioxide, this gas is oxygen, and this is 
hydrogen the other two gases I am not going to talk about them today, these 
ones I will leave it for the other time. But we are going to focus on the three 
gases. Without wasting time which gas, you want us to start with, 
 All learners: carbon dioxide, 
Teacher:  carbon dioxide, very good, 
(teacher display all the materials to be used during the demonstration) 
Teacher:  I have the test tubes, we use lime water, I have brought the whole container, 
in case, mhuu, limewater, clear limewater, how do you know that is 
limewater, come and drink, so if we are going to start with carbon dioxide, 
let me put on my, heeyi, we are going to see, and who want to prove that 
there is carbon dioxide? Can you produce carbon dioxide? 
All learners: yes, 
Teacher:  who is that, who is sure, who is sure, haa, who is sure, who is sure that he 
has, myself, I produce carbon dioxide, me, any, who me, me, I only hear, 
me, me, who is me? Haa? Come, come, come, come, just one person who 
is sure that yes, he can produce carbon dioxide, come on, if you come here, 
this one I put it, things don’t work the same, I don’t want me, I wan- I am 
asking who is coming? To prove to us that he have, if it’s not you, I will just 
find a person. 
(one boy volunteered to participate in the demonstration) 
 Teacher:  I say I am having limewater, I will put a little bit, (the class laughs), its not 
water to drink, so I will give, I want to say, I want to prove the he is having 
a carbon dioxide, I want, we have, we learned that when you are having 
this, if the gas is carbon dioxide, and I bubble, though, I will supposed to 
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see something, since you say you have carbon dioxide, you can produce it, 
can you bubble through, please do it again and this time we want to see 
(the class laughs) again and then you show them, while he is struggling for 
me I am not so sure if I have carbon dioxide, I will try something. Can you 
try to bubble through because you are failing yourself, what is yeah? And 
now? Bubble through, can you see the bubbles also, 
All learners: yes, 
Teacher:  are we observing something, are we seeing something? Are we seeing 
something? 
All learners: yes, 
Teacher:  can we make a conclusion? No, no, no. Is the carbon dioxide finished? Is 
your carbon dioxide finished? What do we see? Hee, I don’t know, I will give 
you the worksheet for you to jot down quickly your answers. Can you quickly 
please take one and pass it on. I don’t know what I see is what you saw, I 
am not so sure, can you also look at it, please take one and pass it on, can 
we give a hand 
(learners clapped for the volunteering mate who participated in the demonstration), 
Teacher:  okay, thank you, thank you so much, I will put it here, do not forget that 
(some distractions)……. So, the conclusion, I will not come to the 
conclusion now, but I will, I will also try to put something different, which will 
tell you that carbon dioxide is not only around us? It can also be produced 
from different reactions, so I’m having this, what can you see, what is written 
here? calcium carbonate marble, …. So, the formula is calcium carbonate, 
did everybody receive your worksheet? I will put some marbles in here. 
Okay so we have the, the marbles, again I would like your attention please, 
is the same, we wanted to test for the gases and this gas we are testing is 
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carbon dioxide, we want to see how will we know that the gas is carbon 
dioxide if all the gases are having the same properties, they are saying they 
are colourless, they are tasteless, and they are odourless, I have the acid, 
I took my gloves out, this is a diluted hydrochloric acid.. I forgot to put in the 
acid. I will put a little bit of the acid here; can you see what is happening? 
Mhuumhuu, sorry, sory, sory, I did not prepare my limewater, I will put 
limewater, the same limewater we used. I will bubble it through, we are 
going to leave it for a while, I hope I did not put in enough, ehee, there is no 
carbon dioxide, it will take a bit time, of time. Let’s leave it for a while, if this 
one is misbehaving, and taking much of our time, let me put the acid, this is 
a clear acid, very poison, toxic, very careful. Is it changing? 
Learner:  yes, 
Teacher:  are you sure? Let’s gases will produce, and we can have a chance to 
observe something, waste our time. We happen to leave it here and keep 
an eye to see if it will be the same like, we have in the first time, okay, and 
don’t forget that we have the calcium carbonate with acid, is a type of a, of, 
of, what? Of the neutralisation, isn’t? that we have learned, a reaction of 
acid and carbonate? Okay, which one can we test we try, we talk of the 
carbon dioxide, which one can we check, if it, aaah, that how can we prove 
that this gas is oxygen. Remember we need oxygen in hospitals, how will 
you make sure that the gas that you are giving is not carbon dioxide to the 
patient? How will you know that when you are going to cease the fire, you 
are taking carbon dioxide and not oxygen? We need to know because all 
the gases are colourless, at this time are going to, to try to see, since you 
say these gases colourless, they tasteless and odourless, how will I know 
that this gas is oxygen? How do we test for oxygen? We are going to try 
using the potassium permanganate, “omuti gwomayoka” 
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(omuti gwomayoka is the name of potassium permanganate in Oshiwambo vernacular 
language) 
(Teacher showed learners the materials to be used during this demonstration) 
Teacher:  right, so we need our Bunsen burner, a very simple thing that you can try, 
we are going to use the methylated spirit, and then we need, our match, we 
need a stick, for this, we are going to know are we going to use it, we have 
learned so many times the most things that we learned about oxygen that it 
supports combustion, isn’t? 
All learners: yes, 
Teacher:  do you use it at home? Aah, do you? Quickly, I will put some potassium 
permanganate in my test tube, there is nothing, eeh, don’t say ha, aha, 
when she come she put already something, okay, mhuuu, may be before I 
proceed, can we check a little, can we see anything? Not yet, okay we will 
come back to that, I will add a little bit of a spirit, I think its enough, still fine, 
we know this one, I will light it, this time I will use my test tube holder, it have 
a very special name, I will burn it, I will have my stick, okay, as we are 
burning it, we want to observe, what will happen? What will happen, this 
stick I am burning it, I will switch it off, sorry, I will insert it, what you see? 
Can you see it? 
All learners: yes, 
Teacher:  okay I am putting it in the test tube (class laughs), can you see how it is? 
All learners: yes, 
Teacher:  mhuu, can you see what is happening? (class laughs), can you see what is 
happening here? 
All learners: yes Ms, 
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Teacher:  mhuu. What happen? it off, its off, isn’t, yes, we just have a glowing splint, 
isn’t? 
All learners: yes, 
Teacher:  ahaa, what is happening? Now, can you tell me what did you observe, what 
can we say about oxygen, haa, oxygen is magic, what can we say about 
oxygen, we have a, a glowing stick, hee, but after we insert it in, may is still 
burning I don’t know, okwe ka vakelamo, 
(okwe ka vakelamo, meaning, teacher came with the test tube, pre-filled with oxygen) 
 
Teacher:  no, what happen to this, it does what? Please write it in that worksheet, I 
want the answer in the end, okay, so we have a glowing, and we have 
observed what happen, okay, slowly, we can see this one is coming, slowly 
is coming, now, we have talk of the hydrogen, is one of the gas again, isn’t? 
All learners: yes, 
Teacher:  is among us, is colourless, is tasteless, is odourless, can we try it, again, 
can we go for hydrogen, eehe, with hydrogen we are going to look at a 
metals, the metal with acid, we know that one of the gas produced is 
hydrogen, the reaction of any metals with acid so I will use this zinc metal 
granules, I will put the zinc metal, don’t say is not the same, is the same, 
that’s why we use the small granules, metals are shiny, and, and, and, can 
you see, we want to produce hydrogen gas and the main thing is to test for 
hydrogen gas. So, this one I will switch it off we are done with it, I will put 
this aside, we have seen the zinc granules, I put it here, okay. Hee, we have 
to be careful, so we want to test for hydrogen gas, did we hear that? 
All learners: yes 
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Teacher:  let me try again, let me add, a bit more. Let me stop for a while, ooh, did 
you hear that? 
All learners: yes, 
Teacher:  what did you hear, 
All learners: the pop sound, 
Teacher:  I did not hear pop sound. How did the pop sound, how was it? Who can 
imitate the sound that you heard, aah, ehee, now we have look at the three, 
I hope you are writing down, we have look at the reaction of, of the gas 
produced and we test for carbon dioxide, with Kapembe was the best, we 
are still waiting, patently waiting for, for, for this to react and produce the 
gas and then we have look at the oxygen we have observed, I would like, I 
wish I can quickly go through what you wrote there, mhuu? 
(Teacher browsed through the learners’ work to see what they have written 
down in the ongoing worksheet) 
 
Teacher: may I see, why not anything about hydrogen? Glowing splint, the glowing 
splint start to make fire, so there was a fire in this class today? (the class 
laughs), okay lets quickly look at what I have in here, we said the gases are 
colourless, they have no smell and then they are tasteless, isn’t? 
All learners: yes, 
(Teacher went back to open up the poster she prepared for this lesson and explained the 
tests and results for the gases) 
Teacher:  that’s what we have and we know, what is the, we test for hydrogen, the last 
one when we light a match, what happens, the test says, when you hold a 
lighted splint near the mouth of the test tube, what happens? The result 
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were, hydrogen burns with a pop sound, that pop, pop sound, that is 
hydrogen if doesn’t burn with a pop sound, it means that gas is not 
hydrogen. And the we test for oxygen, then say, how do we test for oxygen, 
put a glowing stick in the test tube as you see, what happen, what was the 
result? The glowing splint will relight, and then that’s what other people are 
saying, it, it, make the fire, so it relights, there was just a red thing and then 
we put in the test tube it relight and that means that gas is oxygen, 
remember that oxygen supports combustion and thus why we need it when 
we are burning, then is any question there. 
Teacher:  we have the carbon dioxide the, first one and the one we are waiting for, we 
know that if I bubble through the limewater, clear limewater, I must expect 
that clear limewater to turn milky, did we have observe that today, so, you 
bubble carbon dioxide through the limewater and then what we see at the 
end is that if that gas is carbon dioxide, that limewater was supposed to 
turns milky, is not milk eeh, but it turns milky, the water, the limewater water 
do not become milk, but it turns milky white. So, is there any question there? 
If we come and test and check, remember this when we talk of other if we 
go further, no that is an exothermic, is an endothermic, could you touch it, 
ehee, its hot, hot, is hot, so that means this is an example of exothermic 
reactions, but today we just wanted to know the test for gases, we test using 
the a lighted splint, splint and then the result should be a pop sound, that 
gas is hydrogen, we test using a glowing stick next to the gas or the test 
tube with the gas, that gas relight a, that splint, that gas is oxygen. We test 
bubbling through limewater, that gas if a gas become milky, that gas is 
carbon dioxide. If there is no any question, we are going to conclude our 
demonstration for today, please share and exchange the worksheet with 
others, we are going to write a task based on what we have tested today. 
Any question? Any question? Do you all know the test for gases? 
All learners: yes, 
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Teacher:  is there anyone have a question regarding the test of gases? Is anyone 
having a question regarding the result we are getting when we are testing 
for hydrogen? Or the result that we get when we are testing for oxygen? Or 
the result that we are going to get when we are testing for carbon dioxide? 
If there is no any answer, please complete your worksheet and have a great 
day. 
Teacher 25 
The teacher entered the class and she greeted learners, and this is the sequence 
of her lesson 
Teacher:  good afternoon learners? 
All Learners: afternoon Ms, 
Teacher:  how are you? 
All Learners: fine, how are you Ms? 
Teacher:  I am good, we are here for the Physics lesson, ahh, before I begin with I 
want to present today, what did we learn yesterday? Mhuuu, 
Learner:  we learned about reactions, 
Teacher:  we learned about the different types of reactions, very good, so before I 
start with my presentation, lets quickly revise the types of reactions that we 
have learned. What are the types of reaction that you learned? Mhuu, Julia, 
Learner:  combustion reaction, 
Teacher:  combustion reactions, mhuuu? 
Learner:  decomposition reaction, 
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Teacher:  decomposition… ehhh? 
Learner:  decomposition reaction, 
Teacher:  decomposition reaction ehee, what else? Mhuu? 
Learner:  synthesis reaction, 
Teacher:  yee? 
Learner:  synthesis reaction, 
Teacher:  very good, those are the main types of reactions that we have learned. Now 
let’s quickly ehee,, go through, what is a synthesis reaction? what is a 
synthesis reaction? Yee? Okay Johanna! 
Learner:  is a reaction whereby a, where, where, whereby the substance, whereby 
substance combine to make up a new substance? 
Teacher:  okay very good synthesis reaction we learned that, it’s a build-up reaction, 
whereby simpler substances or simpler compounds they build up to form up 
a complex compound, ehee, now what is a combustion reaction? What is a 
combustion reaction? Okay let me quickly go in, we said we have three 
types of reactions, combustion, synthesis reaction and a decomposition 
reaction, the synthesis one is the one I said is a build-up reaction, then 
combustion reaction have to do with a reaction of a substance with oxygen 
or we can also say is a burning reaction. Now the third one is now a 
decomposition reaction, whereby we said that a decomposition reaction is 
whereby a complex compound break down to form simpler substances, very 
good, therefore our focus for today is more on decomposition reaction. We 
are going to learn more on decomposition reaction, okay, aah, before we 
start, give me examples about what we have learned about decomposition 
reactions. Any example that you can recall? Mhuu? Ndalinelago, 
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Learner:  copper carbonate, 
Teacher:  yee, 
Learner:  copper carbonate, 
Teacher:  copper carbonate, copper carbonate heat, plus heat, ahaa to give, to give 
what? 
All learners: copper oxide, 
Teacher:  copper oxide, copper oxide, plus? 
All learners: carbon dioxide, 
Teacher:  carbon dioxide, plus? 
Learner:  plus, water. 
Teacher:  plus, water. Very good, Okay the second example that we, I am going to do 
today is about ammonium, ammonium carbonate is the one that we going 
now to find more about ammonium compound, as you can see, this one is 
a complex compound, right, so we are now going to do experiment, whereby 
we are going to heat ammonium carbonate and we going to find out what 
are the products that we will get after we have, aah,, we heat this one, so 
this is ammonium carbonate plus, heat. 
(Teacher started by showing the learners the apparatus that will be used during this 
demonstration) 
Teacher:  with me here, I have some of the instruments that I’m going to use, aaah, 
so before I start I have to introduce them to you, this one is a spirit, aah, this 
one we use it to help us with the heat for us to be able to have light we have 
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to add this spirit. Aah, this one is a beaker, this one is just a test tube holder, 
this one is what we call a test tube, this one is also a test tube but its very 
small and this one is a stopper, we are going to learn how to use this one, 
and this one is a pipe, this one is a delivery tube we are going also to 
observe how it’s going to be used, this one is a burner, is a spirit burner, is 
the one that we are going to use for light, when we are going to heat. This 
one here in a big container is limewater and this one is a spatula, this one 
our main focus is ammonium carbonate. So here you are going to observe 
that inside here there is ammonium carbonate that we are going to heat. 
This one is a match, this one is just water for safety. 
Teacher:  now before I begin, who can tell me what are these ones? And why do we 
need these ones? Because before I begin with the experiment I have to put 
them on why? Who can tell us? Mhuu, mhuu, Ndalinelago! 
Learner:  is a safety, 
Teacher:  hee, safety, okay very good, this one is need for safety, these are gloves 
and these ones are goggles, I am going to put them on just for my safety. 
Remember we are going to deal with ee, remember we are going to deal 
with chemicals and they might be dangerous, so I am going to put these 
ones on for safety. Okay now before I begin you guys should come and 
observe what we are going to… because at the end of the lesson, I want us 
to give the products that we are going to get, after we heat ammonium 
carbonate, so you guys should come here and observe. 
(Teacher calls the learners to come forth and observe the demonstration) 
Teacher:  good, as I said we are going to heat ammonium carbonate, so we are going 
to use aah, this small test tube is where we are going to put in our, our 
ammonium carbonate okay, and I am not going to use my hands remember, 
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I am going to use a spatula, Aah, taa, is very dry, ammonium, aah, 
ammonium carbonate, what is the colour of ammonium carbonate? 
All learners: white, 
Teacher:  white, very good and I put it in the test tube, now, we are going to, mhuuu, 
to, to, put a, a stopper then we are going to put a tube, okay, I hope it is in 
very well, okay, now, now we have to have two test tubes, the other test 
tube will be used to collect the gas that will be produced, so, I hope we are 
going to use this aah, test tube, I have to light fire, I hope the spirit is enough, 
good, now we are going … as I said this one is a test tube holder, we are 
going to hold, I forgot something, I have to put in limewater in this test tube, 
(teacher poured limewater in the test tube to be used in testing for 
carbon dioxide) so this is aah… is a lot, this is limewater, what is the colour 
of limewater? 
Learner:  clear, 
Teacher:  it’s clear, very good, so we are going to observe what will happen, now we 
have to put… this test tube will have to collect the what? 
All learners: the gas, 
Teacher:  the gas, put it here, so we are going to heat ammonium carbonate and we 
are going to observe what will happen, we should all observe, okay, are we 
observing? okay, that is good? Can you see the bubbles? What does that 
mean? What does it mean? meaning a gas is being produced, that’s why 
we can see the bubbles. You can also observe what is happening with 
ammonium, aah, aah, carbonate, what is happening, with the, the, the, the, 
compound? mhuu?, you cannot observe anything? Oh, we have put a lot, 
so it will take long, Ahaa? What is happening to the limewater? 
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All learners: turning up and down, 
Teacher:  turning up and down, what else can you observe, what else can you 
observe? 
All learners: the limewater is changing colour, 
Teacher: its changing colour, to what? 
All learners: to milky white? 
Teacher:  to white, is that really white? 
All learners: milky? 
Teacher:  milky, so you can that, the limewater is changing to? 
All learners: milky, 
Teacher:  milky, now what is happening with the, with the, what is happening with the, 
ammonium compound? what is happening? its becoming small ne? 
meaning its disappearing, when its, so we are going to- is ammonium comp- 
is ammonium compound, if you heat it, what you think will be the product? 
Mhuu, if we have ammonium compound, I mean, ammonium carbonate 
then we heat it, what will be the product? you can see its disappearing, 
All learners: yes, 
Teacher:  mhee, it’s not changing colour but its dis- disappearing, while, the, the more 
we are heating, the more, the, the, the limewater is turning milky, is, aah… 
we wait until its completely disappear, its disappearing completely, its 
disappearing completely, its disappearing, it have completely disappeared, 
very good, we have observed that, aah, ammonium carbonate it was, aah, 
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white in colour, then it have, com aah,, disappeared and this one, is aah this 
limewater was, aah, was clear, but now is milky, now lets look at the 
products, let’s look at the products, okay, we were having ammonium 
carbonate and we heat it, if we heat ammonium carbonate, we have 
observed that, it have disappeared, it was white then there was a crystal 
then disappeared, meaning, now, ammonium carbonate, plus heat, it will 
give you, ammonia, so the, the, when it disappeared it formed a gas which 
we call it ammonia, are you getting it? 
All learners: yes 
Teacher:  can you, can you smell, a, a strange smell? 
All learners: yes, 
Teacher:  can you smell something? That one is now what we ammonia, are you 
getting it? 
All learners: yes, 
Teacher:  ammonia, plus what? 
All learners: carbon dioxide, 
Teacher:  carbon dioxide, we know the test for carbon dioxide, that if you have 
limewater, if you have limewater and you add the gas which is carbon 
dioxide, hey I hope everyone is following, if you have limewater and you 
add or bubble a gas which is carbon dioxide, the limewater will turn what? 
It will turn milky. That is the test for carbon dioxide, right? So, so meaning 
the other product is? Carbon dioxide is just unfortunate that we did not also 
observe here inside the, the test tube we could have observed the, aah 
mhuu, the, the, the, the vapour inside the test tube which is now aah, water, 
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very good, so, once you, you, you heat ammonium carbonate, it will give 
you ammonia, plus carbon dioxide plus, 
All learners: water, 
Teacher:  water, now may be one is still doubting, where did the carbon dioxide 
coming? Or is it really carbon dioxide? So now for us to confirm that this 
gas is carbon dioxide that’s why it turns milky, I am going to in, aah, 
limewater here, which ga.., gas do we breathe out again? 
All learners: carbon dioxide, 
Teacher:  carbon dioxide, very good, now I am going to put in limewater here and I 
want one of you to come and bubble in carbon dioxide that we breathe in 
so that we can observe that if this limewater is turning milky. Who is that 
one? Who is so brave enough to come and do this one for us? We have a 
pipe here, for you is just to, to blow in, are you getting me? Blow in, okay, 
(one learner volunteered to come and assist during the demonstration) 
Teacher:  Ndivayele very good, Ndivayele, we are going to see to test if it’s really. 
okay, let me hold it, wait until it… can you see that is bubbling? 
All learners: yes, 
Teacher:  bubble again, can you see the colour is changing? 
All learners: yes, 
Teacher:  can you see its changing? 
All learners: yes, 
Teacher:  can you see? 
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All learners: yes, to, becoming milky? Meaning now the gas he is producing is carbon 
dioxide and the gas that was produced from the reaction is carbon dioxide, 
very good, so we should know that if we heat, if you heat ammonium 
carbonate, you get ammonia, plus carbon dioxide, plus? 
All learners: water, 
Teacher:  very good. I hope you have learned a lot from this, from today’s lesson, 
mhuu, Okay, aah, thank you very much for, for everything, for the 
observation and for the lesson, how was the lesson? 
All learners: was good, 
Teacher:  yee, it was good. Aah, anyone to say it, I can’t hear you? 
All learners: was good, 
Teacher:  it was good ne? it was very interesting, 
All learners: yes, 
Teacher:  okay very good we will continue next time. 
Teacher 33 
The teacher entered the class and she greeted learners, and this is the sequence 
of her lesson 
Teacher:  morning? 
All learners: morning Ms? 
Teacher:  how is the morning? 
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All learners: fine and how are you Ms? 
Teacher:  very fine, am I late? 
All learners: no, 
Teacher:  okay… what was the last topic we cover last time? I think the other class I 
am a bit ahead, yes 
All learners: matter 
Teacher:  matter, what have we covered under matter? I think it was just not matter 
alone, isn’t? what really, we cover under the topic of matter? 
Learner:  states of matter, 
Teacher:  the states of matter, okay how many states of matter are we having? Tiopo, 
Learner:  three states, 
Teacher:  three, right? Okay and I think we have already discussed those three states 
of matter, isn’t? 
All learners: yes, 
Teacher:  so, what I want you to do, I want to see whether you are able to identify the 
three states of matter, that we have studied previously, so can you study 
the diagrams I am going to paste on the board, 
(teacher placed placards on the board showing the tree states of matter) 
Teacher:  and you identify them? so we said we have learned about the three states 
of matter, right? Can we identify, may be out of the three states, which state 
of matter is illustrated on the diagram? Iimene, 
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Learner:  solid, 
Teacher:  louder please, 
Learner:  solid, 
Teacher:  can we agree that this is the solid state of matter? 
All learners: yes, 
Teacher:  very good, this is going to be our second diagram representing also a state 
of matter, which state of matter could be that? Yes, 
Learner:  liquid, 
Teacher:  are you checking somewhere before you give the answer? 
Learner:  no, 
Teacher:  ooh, this is? 
All learners: liquid, 
Teacher:  this one the liquid state, we said this one is the solid, maybe we are just left 
with one more, or they were four last time? 
All learners: no, 
Teacher:  yes, which state of matter are we having on the third diagram? 
Learner:  gas, 
Teacher:  very good, the gas state, so we are no longer going to repeat what we have 
done last time, so we are moving on to the next topic which is still related to 
the three states of matter, so what we are going to look at today, then lets 
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talk of process…, you can copy today’s topic in your note book, okay, so 
what we are going to look at today, so we are going to discuss about the 
processes of expansion, compressibility and diffusion in the three states of 
matter. So, I think we are done with this one, we understand we know the 
differences between the three states of matter isn’t? 
All learners: yes, 
Teacher: okay now, since we have three processes there, which is expansion, 
compressibility and diffusion, we cannot cover them in a single day, so 
meaning for today’s lesson, we are just going to focus one which is going 
to be diffusion, we concentrate more on diffusion the in the next lesson we 
are going to talk about expansion then later compressibility. So, what are 
going to look today, we focus on what? 
All learners: diffusion, 
Teacher:  diffusion aah, I think if I can remember well from Life Science lesson we 
have already talked about diffusion, isn’t? 
All learners: yes, 
Teacher:  can we remember what diffusion is all about? 
All learners: yes, 
Teacher:  very good, can somebody just remind us what are we talk of when we talk 
of diffusion? Now here take note that here then we are focusing diffusion in 
relation to what? To solid, liquid and gas. Can someone describe or remind 
us what diffusion is all about? Albertina, 
Learner:  is a movement of…. 
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Teacher:  a bit louder please, I will even try to move far, and make sure I am hearing, 
yes, 
Learner:  is a movement of molecules from the region of higher concentration to the 
region of lower concentration. 
Teacher:  very good, or somebody else with a different description, maybe she did not 
give an excellent answer, somebody to try it better? Yes, 
Learner:  diffusion is all about the movement of low concentration… 
Teacher:  the movement of? 
Learner:  the movement of higher concentration (learner struggles with the answer), 
Teacher:  good, it’s a good try, I am only wondering, what is moving? What is moving 
from higher concentration to lower concentration? What is that we are 
talking off? When we talk of, about diffusion, what is really moving? Yes, 
Learner:  molecules, 
Teacher:  molecules, or rather we can talk of what? Particles, what are seeing on 
these diagrams? 
All learners: particles, 
Teacher:  particles, isn’t? So, that’s thus why now when we are describing diffusion, 
we can say, we are simply talking of the movement of particles. Can be 
either the movement of particles in gas, movement of particles in solid or 
rather movement of particles in liquid, so that’s why we can say diffusion is 
the movement of particles, you can copy down this description for yourself. 
Okay, so when we talk of diffusion, we are simply talking of what? 
Movement of particles, so which particles are we referring to? The particles 
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we have already studied in the three states of matter and that one will take 
us back to the kinetic particle theory of matter that we have learned earlier. 
Can you also remember, what the aah, the kinetic particle theory of matter 
says? I think we have done, I think last week have learned about the kinetic 
particle theory of matter isn’t? Can you remember what that theory says? 
What the theory said about the three states of matter, don’t tell me, I did not 
taught you that? Didn’t we learned about the kinetic particle theory of 
matter? Did we learn about it or not? 
All learners: we did.. 
Teacher:  we have learned about it? 
All learners: yes, 
Teacher:  very good, what did that theory says about the three states of matter? What 
did we know about these three states of matter? What is the theory tells us? 
(some distractions) louder please, (some distractions) very good, I think the 
first point we have there reminds that when we talk of matter, we are simply, 
fo.. focusing on what? particles, so that’s why the theory says matter 
consists of particles we even use to say very small or tiny particles, isn’t? 
what else can we recall? Did we just learned that there are particles? What 
else can you remember about those particles? So when they are there are 
they just standing at their fixed place where they are, what is happening to 
them?, okay, you can also think of things like what is keep those, so this 
this is a chalk, a chalk is which state of matter? 
All learners: solid, 
Teacher:  it’s a solid, and this chalk is made up of what? 
All learners: particles 
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Teacher:  isn’t? now what is keeping the particles in the chalk together? That is what 
the theory reminded us about, isn’t? Okay can I have two more points about 
the kinetic particle theory of matter? (some distractions) what else the 
theory say? yes, 
Learner:  there are spaces between the particle, 
Teacher:  there are spaces between the particle, very good. What else did the theory 
says? Matter consists of particles, there is space, that’s what we are seeing 
in three states of matter eeh, isn’t? what else can you observe even from 
the diagram? What is keeping those particles together? When the exam is 
coming, will you people remember? 
Al learners:  yes, 
Teacher:  eeh, are we going to remember anything that we have learned, 
All learners: yes, 
Teacher:  what else, what is keeping those particles together? Yes, Rebeka, 
Learner:  particles are closely together, 
Teacher:  particles are? 
Learner:  closely together 
Teacher:  they are closely together, I think you cannot remember well, good, what is 
keeping the particles together is a force, didn’t we learn that there is a force 
holding the particles together? And what did we say about the movement? 
Are these particles at rest or they are moving? 
All learners: they are moving, 
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Teacher:  they are moving, isn’t? So, that’s why another point also say, particles move 
continuously, so meaning those particles they are not at rest, isn’t? they are 
ever moving, then now what we are going to look at today there, since we 
say diffusion have to do with what? Aah, movement of particles from the 
region of higher concentration, a region of higher concentration, we simply 
means what? We are simply saying particle tend to move from where they 
are many to where they are less, so when particles are moving they always 
try to move from where they are many to where they are less, then since 
we are saying this, aah, process, aah, engage the three states of matter, I 
want you to think, maybe in which states of matter can particles diffuse? In 
which states of matter, remember they say we are concentrating on these 
three, isn’t? now, maybe this diffusion is likely to be happening in which 
state of matter, so the states of matter they are three isn’t? Good, so the 
movement of particles is likely to be in which state of matter, can we says, 
only solid particles that are moving or maybe is liquid or gas? Where are 
the boys in this class? Particles are moving in which state of matter? 
Erastus, 
Learner:  liquid 
Teacher:  in? 
Learner:  gas, 
Teacher:  in gas, can we say in gas only? 
All learners: no, 
Teacher:  ooh, but do we agree that the diffusion can take place in gas? 
All learners: yes 
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Teacher:  very good, maybe particles in gas can diffuse? which other particles can 
diffuse, or which other state diffusion can also take place in? Selma? 
Learner:  liquid? 
Teacher:  in the liquid, can we also say diffusion can take in a liquid state? 
All Learners: yes, 
Teacher:  are we sure? 
All learners: yes. 
Teacher:  can we say diffusion is taking place now in solid, liquid and gas? 
All learners: no, yes, no, no, 
Teacher:  I am hearing a big no, so diffusion can only take place in which state? 
All learners: solid, all, 
Teacher:  in gas only? 
All learners: no, 
Teacher:  mhuu? Now I can see that you are guessing, then fine, then what we should 
know about diffusion is that diffusion can take place in all three states of 
matter, this movement of particles can move either in the solid state, 
whether is a liquid or gas, diffusion is taking place in all states of matter, is 
that clear? 
All learners: yes, 
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Teacher:  please put it in your head and always remember that when we talk of 
diffusion is happening in all three states of matter, so lets not just say in 
solid or rather in liquid, okay and what we are going to do here then today, 
I am going to demonstrate to you, maybe I will ask help also from some of 
you, then we are going to see, I want us to find out whether diffusion can 
really take place in solid? Can it really take place in liquid? or rather, can it 
really take place in gases? As we are saying and what was my answer? We 
said diffusion is taking place in which state of matter? 
All learners: all, 
Teacher:  in all, isn’t? 
All learners: yes, 
Teacher:  and that’s what we are going to observe today to see whether that is true. 
Aah, an example may be, to illustrate, let me start with a gas state, how will 
I know that diffusion is taking place in a gas?, so what I have with me here 
is a spray, what I am going to do, I am just going to spite this perfume in 
one of the corners and what I want you to do as a class, remember, once I 
spite here it means what? We have gas particles here, okay and what you 
are going to do I just want you to use your sense of smelling, are we 
together? 
All learners: yes, 
Teacher:  try to use your sense of smelling to indicate to us whether you get the smell, 
when we are seated right now, are you smelling something in your 
classroom? 
All learners: no, 
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Teacher:  the air is just fresh and nice, very good, now, once I spite something there, 
I want you to see whether you will be able to detect that change, are we 
together? The moment you smell something different that you were not 
smelling before, all I want you to do is just to put up your hand. Don’t look 
at the neighbour, if you are not smelling anything don’t put up your hand, 
the moment you smell something different, after I spite this perfume in the 
corner there, I want you to put up your hand. Are we together? And the rest 
I want you to observe also, like people there, remember we say particles 
are moving from where they are many to where they are less, isn’t? now 
people on the other side of the class, I want you to observe, who is likely to 
get that smell first maybe? Could it be the people here or the people in that 
corner? The people in front, now my dear there I you to observe what is 
happening here eeh, so that you see who is going to put up the hand first. 
Let’s see who is likely to put up the hand first whether is going to be 
Theopolina here or maybe Nangheda in the corner? are together? Don’t 
look at the neighbour, you just put up the hand the moment you smell 
something. No, you just observe, don’t do like this, you just put up your 
hand, if you are smelling something, don’t look at a neighbour I am going to 
am quickly going to stand here. This is strange, cos, are you observing what 
is happening? the people here they smell it already? Don’t look at your 
neighbour wait until you smell something, okay, are we all getting now the 
perfume? 
All learners: yes, 
Teacher:  are we all getting the smell? 
All learners: yes, 
Teacher:  now who put up the hand first? I don’t know whether I was observing 
correctly, who? Anyemba, the one in the corner, yes, I think that’s also what 
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I observed then I don’t know what is happening to us, we know our sense 
sometimes is not always the same, what I noticed in your class is that, the 
learner in the corner is the one who put up the hand first, which is strange, 
but when I did it with the other class, the eight B, so the learner who were 
close to me they were the ones who put up their hands first, so meaning 
maybe, I don’t know may be they did not smell anything or perhaps there 
were not waiting for that smell, they did not detect the smell first. Remember 
the sense can differ some people are good at smell some maybe it will take 
longer or more especially you have a flu, you can’t get it faster, isn’t? but I 
don’t think if all these people got the same problem, okay fine, now who 
were the last people to put up their hands? Who were the last people? The 
other side, isn’t, 
All learners: yes 
Teacher:  very good, remember that the perfume was just spite here, so meaning the 
people here, the ones that are close to that corner they are likely to be the 
ones to get the smell first compared to the people that are far, isn’t? That 
one simply, says what? So that one simply indicate to us that diffusion can 
take place from the region of higher concentration to a region of low 
concentration, that’s why the learner on this side get the smell first before 
the other learners, are we fine there? 
All learners: yes, 
Teacher:  good, now can we agree that particles in gas can diffuse? 
All learners: yes, 
Teacher:  can diffusion really take place in gas? 
All learners: yes, 
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Teacher:  so thus, why you are able to get that smell, isn’t? yes, very good then we 
can move onto the second one, lets see whether particles can diffuse in 
liquids. So in liquids, what we are going to use here, now this is a beaker I 
have, so what we are going to do here, she is going to pour water in this 
beaker, so we know water is colourless, isn’t? 
All learners: yes, 
Teacher:  then I’m just going to put in a coloured powder in this beaker then from 
there, I want you to observe what will happen to the colour of water? Will 
the colour change or maybe we will still have our colourless water? So, if 
the colour change it means what? Particles have diffused, if the colour did 
not change it means what? Diffusion cannot take place in liquids, isn’t? So, 
Albertina can you pour in water please, you can add again, somewhere 
halfway, can you add a little bit, can we all see here? 
All learners: yes, no, 
Teacher:  you can even come closer and sit, thank you, Albertina you can go and sit 
because you are close, but the people that are far you can even come and 
sit this side, just to be close, if you think you are too far you can come 
somewhere here I know some people can see, okay I think we are, can we 
be seated, how do you expect other people to see, find a seat if you are 
there, okay now, this one is just a powder, a coloured powder that I’m going 
to put in there, then all I want you to do is to observe whether the colour will 
change or, okay I have dropped in the coloured powder there, then from 
there, I want us to observe what will happen there, can we see the solid 
particle that I just put in there? 
All learners: yes, 
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Teacher:  very good, now let’s see whether there will be a change in colour of that 
water there. So, we can see where the particle is, isn’t? now, lets see how 
it will spread, hope the water will change the colour in there, observe 
carefully, then while we are still observing that one, I think we can also look 
at what? Diffusion in solids, now for diffusion in solid, this one you will just 
keep on checking, sorry, I want to want to disturb it just a little bit, very good, 
lets keep observing what is happening to the colour of that water. Now for 
diffusion in solids, I am going to use, aam, this paper, a paper is which state 
of matter? Is it also a gas? 
All learners: no, 
Teacher:  is a liquid? 
All learners: solid, 
Teacher:  very good, a paper is a sample of a solid state of matter, isn’t? so we have 
a solid substance, I am going to place it there, you can also see that its, 
whi…? White isn’t? good, I am just going to put a drop in the? All I want you 
to observe is the colour change, how, whether, there woul…, the colour will 
spread also on that paper because the paper is the solid, then I have also 
a certain liquid in here that I’m just going to put a drop on that paper, then I 
want you to observe what will happen there. So the learner sitting there you 
can also see here? 
All learners: no 
Teacher:  okay, are all? Can we all see on that paper? 
All learners: yes 
Teacher:  okay, I am just going to put a drop of a liquid, this one is also another dye 
that we are going to use, and I want you to observe whether there is going 
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to be a colour change on that paper or that liquid is going to remain where 
it is, just to see whether there is a difference, let me try to wetten [sic] my 
paper a little bit. Just trying to make my paper a little bit wet, so that may be 
the process will go faster, it doesn’t need to be that wet, wet, okay, so is the 
same liquid, yeah, can we see what is happening there? Where, there, on 
the side where the paper is wet? okay, and we can also try it maybe on a 
tissue paper, this is an example of which state of matter? This one is also a 
solid state, isn’t? 
All learners: yes, 
Teacher:  very good, yeah, can we see now what is happening there, on that side? Is 
the colour spreading on the paper? 
All learners: yes, 
Teacher:  so, what does that one supposes to mean? Can, diffusion take place in 
solids, 
All learners: yes, 
Teacher:  okay, then lets also try on a tissue paper, just to see what is happening 
there? very good eeh, I think this one was perfect isn’t? can we see what 
happen with a tissue paper? 
All learners: yes, 
Teacher:  the colour quickly spread out, so meaning, even in a solid state, the particles 
can easily do what? Move, and how did it spread? Did it spread from where 
we have less to where we have more? How did the colour spread on this 
tissue? I think this one was clear, 
All learners: yes, 
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Teacher: how did it spread? From? 
Learner: from worse, more worse? (learner utter the answer) 
Teacher: good from where we have, when we talk of higher concentration we are 
talking of where we have more particles to where we have what? less 
particles, okay I think we have observed this one today, isn’t? thank you, 
you can go sit. Okay, let’s not forget that we were busy observing diffusion 
in what? Liquid, liquid. Now is the colour changing, 
All learners: yes, 
Teacher:  can you detect any colour change, 
All learners: yes 
Teacher:  very good, so meaning, even in a liquid substance, so diffusion can take 
place and if you look at this container, where can you see more colour? Is 
it at the bottom or at the top part of the liquid? 
All learners: bottom 
Teacher:  where was the, what, solid particle that I dropped, was it floating or sinking? 
All learners: sinking, 
Teacher:  it was also at the bottom isn’t?, so that’s why from here we can see that, 
where the particle is the colour is more stronger compared to the top part of 
the container, meaning if we leave this container here for the whole day, 
only that I am not going to do that, one, it’s not safe, so if we leave that 
container there for the whole day so tomorrow when we are coming to the 
lesson or to your class, the whole container is likely to have the whole 
colour, so we are not going to find more colour just at the bottom, so its just 
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a matter of time, so meaning if we give it more time the colour is likely to 
spread and you don’t need even to stir it, you just leave it you don’t need to 
disturb it, it will spread by itself. Now what conclusion can we make there? 
What can you say about diffusion in a, three states of matter, can it really 
take place in the three states of matter? 
All learners: yes, 
Teacher:  very good, I think that is just what we have observed, isn’t? 
All learners: yes, 
Teacher: now from there please next time we ask you will you be able to tell us that 
diffusion is taking place in all those three states of matter. And I think this is 
the end of today’s lesson. 
Teacher 55 
The teacher entered the class, greeted the learners and started her lesson as 
follow: 
Teacher:  expansion, firstly, I would like us t give a definition of what expansion is and 
what diffusion is, is there anyone with an idea what diffusion is? Mhuu, 
Alina, 
Learner:  diffusion is a movement of particles from a region of higher concentration to 
region of lower concentration, down the concentration gradient, 
Teacher:  thank you, it’s a movement of particles from a region of higher concentration 
to region of low concentration, down the concentration gradient, which 
mean the particles moves from where the particles are more, to the region 
of low concentration. We are going to have a, a demonstration of diffusion 
using this spray. I’m just going to stand here then I spray, if you smell the 
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smell, you can just stand up, mhuu, if you just happen to smell there is 
something smelling like this, you can just stand up, don’t raise the hand just 
stand up, mhuu, 
All learners: okay Ms. 
(The teacher sprayed in one corner and learners were standing up on smelling the 
perfume as according to the instruction) 
Teacher:  the, the experiment we just had, it’s on the diffusion of this spray, in the gas, 
in the gas, in the air, we are still going to have another experiment of 
diffusion in solid in, liquids, 
(teacher showed learners the materials to be used to demonstrate diffusion in 
liquids) 
Teacher:  this is water, and this is the first aid, but in some other example we can have 
potassium permanganate, which use to give us a purple colour when added 
to water, we are just going to see how this is going to change or to mix with 
this water and give us and give us a different colour apart from this clear 
water. Is that okay? 
All learners: yes, 
Teacher:  this sweet aid is written orange in colour, which means we are expecting 
this water, after mixing evenly to have an orange colour, while we are 
waiting, we are not going to stir it, we are just going to put it here and wait 
for some times, while we are waiting for the results the we can continue with 
the expansion, we are almost done with the diffusion we are just waiting for 
the results, then we can continue with the expansion. Is there anyone with 
anyone idea of what expansion is expansion is? expansion, it have 
expanded, to expand, mhuu,, expand, 
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Learner:  something when increase in, increase in size, when matter is heat, in size 
of matter, when matter is heated, 
Teacher:  mhuu, is, is, what did we say? Its, 
Learner:  is the increasing in the size of matter, while, once matter is heated, 
Teacher:  the increase in size, once the matter is heated, which means after a, a, a, 
an object is heated, there is an increase in size, but that not means there 
are some particles that are added, it means the particles have moved further 
apart from each other, we are also going to have an experiment of 
expansion, having a, a, ball, a ball ring here we are going to heat the ball, 
once, first we will observe it, if it will pass through, and we will heat it to see 
if it still going to pass through, mhuu,, 
All learners: yes, 
Teacher:  this is before it’s not heated, we can see its going through, hasho? 
All learners: mhuu, 
Teacher:  we are now going to heat it to see what happens. This is our burner. Who 
can come and help? Anyone to just come and help. What happens? 
All learners: mhuu? (learners utter the answer), 
Teacher:  mhuu? What happens to the, to to, to, to the size of this ball? 
All learners: It become bigger, 
Teacher:  it become bigger, which means it have increased? 
All learners: in size, 
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Teacher:  in size, that’s why it was no longer going through, but before it was heated? 
It was going through, mhuu? 
All learners: yes. 
Teacher:  we also have this, we had clear, clear water, before we have added the 
sweet aid, now we can see the colour have changed? 
All learners: yes, 
Teacher:  which means, mhuu? 
Learner:  particles move from the region of higher concentration to the region of lower 
concentration, 
Teacher:  which means? 
Learner:  particles move from the region of higher concentration to the region of lower 
concentration, 
Teacher: which means, the particles have moved from the region of high 
concentration, because when I just poured this sweet aid here, most of the, 
most of the content which was here, was just at the bottom, then it started 
to… orange solution. 
Teacher:  okay we also have diffusion in liquids, not diffusion but expansion, 
expansion in liquids, what is this? 
All learners: thermometer, 
Teacher:  it’s a thermometer, 
All learners: yes, 
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Teacher:  we use the thermometer for what? 
All learners: to measure the temperature. 
Teacher:  to measuring the temperature and what is the temperature? 
Learners:  how hot or cold… 
Teacher and learners: it’s how hot or cold the air is, 
Teacher: okay we are now going to see if the, the, the, the liquid which is here is 
going to, going to change after we have exposed it to this warm water which 
is in this cup, mhuu, because currently they are just reading the temp, the, 
the, the room temperature, they are not at zero because we are not at zero 
in this room. Mhuu, 
(teacher distribute a few thermometers to groups of learners and asked them to read the 
temperature before and after the experiment) 
Teacher:  I’m going to give this one here, this one here, one other one there. What is 
the thermometer is, is reading now? What is the reading on your 
thermometer? Mhuu? 
Learner:  30! 
Teacher:  30, and yours? 
Learner:  29! 
Teacher:  29, 
Learner:  32! 
Teacher:  32, is not working? 
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Learner:  yes, 
Teacher:  okay, okay, 20, 32, 31, all those answers are almost giving the same 
answer. This water in this cup are warm, which means we are expecting the 
liquid in the thermometer to, to do what? Is it to raise or to drop? 
All learners: to rise, 
Teacher:  to rise, to expand. Is the liquid in the thermometer moving? 
All learners: yes. 
Teacher:  what is the reading on your thermometer? Can you read it? 
Learner:  45, 
Teacher:  45, it was 30….? 
Learners:  30 
Teacher:  and your new reading now? 
Learner:  41, 
Teacher:  41, it was 29. What is the new reading now? Mhuu, 
Learner:  44, 
Teacher:  44, that was 30, now its 44, this was 29, now its 45, and this one was, 32, 
now its 45, they are all telling us that the, the liquid in thermometer, have 
raised, have expanded after exposed to the hot water, because we have 
said, expansion is the increase in the size of a matter, once its heated. Its 
like we used, by using ho.., warm water we have, heated, heated the liquid 
in the thermometer, that’s why its raising, and, and we are getting different 
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answers, because our thermometers are old, that’s why this one is not even 
working. That one can read a different temperature in the same room with 
the other one, because they are very old. 
(teacher collected the thermometers back from the learners after the demonstration) 
Teacher:  and that brings us to the conclusion of the two tests, the diffusion and 
expansion maybe we can just make a, we can just make some, some 
comments, mhuu? What happens after we have heated this? Mhuu? Yee? 
It expanded because it’s no longer going through after heated and what 
happened to the clear water? Mhuu? Yee? Changed in colour, the clear 
water changed to? 
All learners: orange, 
Teacher:  to? 
All learners: orange colour, 
Teacher:  orange colour if we could have used the potassium permanganate, which is 
purple in colour, what will be the results? The clear water could have 
changed into, 
All learners: purple colour, 
Teacher:  purple colour, and we can also say, the diffusion is faster in gases than in 
liquids, because when I just sprayed this, I have seen many people standing 
in just few seconds. Can we just try now, if you smell just stand? You see 
how fast you goes? But when, we, we, we, we added, the, the, sweet aid 
here, you waited for sometimes, we even went to do the experiment of 
expansion while we are waiting for the sweet aid to dissolve in water, so 
that they can give us the orange solution. 
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Teacher 76 
Teacher entered the class and asked introduced learners to the topic 
Teacher:  whereby we are going to talk about production of gases and testing of 
gases. Aah, cos we are talking of gases of the air, then we are going to pick 
some gases that we are going to find out how to prepare them and how to 
test to, to test them, aah, before we start now with the preparation of gases, 
I want you to mention some of the gases that you can still remember, some 
of the gases of the air, that you can still remember, anyone…. 
Learner:  oxygen, 
Teacher:  aah, we are talking of oxygen, oxygen, yes Veiko, 
Learner:  carbon dioxide, 
Teacher:  oxygen, carbon dioxide, let me just jot them here, carbon dioxide, oxygen, 
what else, yes, 
Learner:  hydrogen, 
Teacher:  hydrogen, hydrogen, what else, 
Learner:  argon, 
Teacher:  yeah? 
Learner:  argon 
Teacher:  aah, argon, okay to mention a few those are some of the gases of the air. 
Okay, aah, today we are going to look at aah, how to prepare carbon dioxide 
and hydrogen. But before we start with our, aah, practical, I want to hear 
from you, ah, let me say you are, somewhere, somewhere, somewhere, 
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somewhere and you want to prepare carbon dioxide, or maybe you want to 
use carbon dioxide, how can you get that carbon dioxide? Let me say you 
are at home or you find yourself somewhere and you want to use carbon 
dioxide, how can you prepare carbon dioxide? Either at home, or, how can 
you prepare carbon dioxide? Anyone, anyone? Yee, Sakaria, you want to 
try? 
Learner:  yes 
Teacher:  thank you very much, 
Learner:  just breath in, in a closed something, 
Teacher:  you just, 
Learner:  breath, 
Teacher:  you breathe? 
Learner:  out, 
Teacher:  so Sakaria is saying, you can just produce carbon dioxide when you are 
breathing, which means, carbon dioxide, aah, aah, you can get it when you 
are breathing, when we are breathing, it means we are breathing out which 
gas? 
All learners: carbon dioxide 
Teacher:  we breathe out carbon dioxide, we breathe out carbon dioxide. What else 
can you do to prepare carbon dioxide? Breathing and, what else, yes, 
Learner:  burning a wood, 
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Teacher:  when you are burning, he say no, burning a wood you can just burn 
something and the gas which is going to be produced will be carbon dioxide. 
Thank you very much. Let us now look at hydrogen, how do we prepare 
hydrogen? Hydrogen, if you want to have hydrogen, what you need to do, 
to have that hydrogen, how can you prepare hydrogen, anyone to try, 
anyone to try, hydrogen, hydrogen gas. No one want to try, how can you 
prepare hydrogen, what you need to have, yes, you want to try, how can 
you prepare hydrogen, hydrogen gas, what you need to have, what is in 
your mind, you want to try, yes, thank you very much 
Learner:  (learner utter the answer) 
Teacher:  you, 
Learner:  water… 
Teacher:  okay you speak up ee, speak up, stand up and speak up, 
Learner:  water reacting with oxygen, 
Teacher: aah, its by aah, she say, no its by reacting water with oxygen, reacting water 
with oxygen, you take water you react it with oxygen, it gives you hydrogen, 
aae, thank you for a try, preparation of hydrogen, how can you prepare 
hydrogen, lets say we are in the lab and want to prepare oxygen? How can 
we do it? Okay, we did something about reacting, acid, acid plus, can you 
still remember that? 
All learners: yes, 
Teacher:  acid plus a metal, what will you get? Yeah? You react acid with a metal, 
what will you get? What is the product? It would be, Nangolo, let’s try, let’s 
try, let’s try, if you react, acid with a metal, what will you get? what will be 
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the product? I want to hear from you, what will you get? You will get what? 
Denson? Yes, 
Learner:  you will get salt, 
Teacher:  you will get salt plus, 
Learner:  hydrogen gas, 
Teacher:  plus, hydrogen gas, you get salt plus hydrogen, thank you very much, which 
means for you to get hydrogen gas, what you need to get, you only need to 
have acid and a metal, then you have this hydrogen, are together? 
All learners: yes, 
Teacher:  fine, okay, aah, aah, let me say I have now produced carbon dioxide and 
hydrogen and put them in these two test tubes I, I, I, produced now this 
carbon dioxide through burning and hydrogen aah, through reacting acid 
with metal, then I put them in these two test tubes, will be able to identify 
that this test tube consist of hydrogen, and this test tube consist of carbon 
dioxide? 
All learners: no, 
Teacher:  why, 
All learners: because they are colourless, 
Teacher:  someone, one person please, one person, raise up your hand, yes Sakaria, 
Learner:  gases are colourless, 
Teacher:  you stand up and give me the answer, 
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Learner:  gases are colourless, 
Teacher:  because they are colourless, because they are colourless, hydrogen and 
carbon dioxide they are colourless. Now I want you to identify, which one is 
hydrogen and which one is carbon dioxide, now how will you identify that 
this is hydrogen, and this is carbon dioxide, how will you do it, cos I am 
asking you to do it, can you please identify which test tube containing 
hydrogen and which one is having carbon dioxide. How will you do it? You 
cannot do it just looking, but how, can, how what will you do so that you can, 
yes Angolo, 
Learner:  burning in … 
Teacher:  can you speak loud, speak loud 
Learner:  (learner utter the answer) burning hydrogen gas to produce a pop sound 
Teacher:  okay bringing up a burning splint, eeh to the jar which consisting of gases 
and hydrogen gas will give a pop sound, okay, aah, in one way, I, aah, aah, 
I wanted you to answer me just, though, what, you can get this hydrogen, 
and this is carbon dioxide before you go to what to use and what to do. You 
can it through? 
All learners: testing, 
Teacher:  testing, sit down Angolo, you test them, you test them, then it’s when we 
are going now to see, what to use if you want now to test hydrogen gas and 
carbon dioxide gas, you have to, you have to test them. Thank you very 
much, aah, that’s why today aah, we are going to produce those two gases, 
carbon dioxide and hydrogen and we are going to, to test them, but before, 
we prepare, I want you to tell me, what do we use to test carbon dioxide, 
yes 
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All learners: limewater, 
Teacher:  aah, we use limewater, how do we do it, can anyone explain how we test 
carbon dioxide, anyone, how do we test carbon dioxide? 
Learner:  bubble carbon dioxide into limewater, then the limewater will turn milky. 
Teacher:  the testing, bubble through carbon dioxide into limewater and the results, 
limewater will turn 
All learners: milky, 
Teacher:  or, but I don’t I don’t want you to say, bubble through carbon dioxide, cos 
that moment we don’t know whether its carbon dioxide or what, you can 
say, bubble through a gas into limewater, then limewater will turn milky, 
okay that is now gas, oh, okay, what else can you do to test hydrogen gas? 
How do we test hydrogen then? Martha? how do we test hydrogen gas? 
Martha? Stand up and try, you cannot remember anything, my goodness, 
anyone to help, aah, how do we test hydrogen, Angolo? Say something, 
Vilho? How do we test hydrogen gas? Thank you very much, stand up, 
Learner:  bring a glowing, aah,, glowing, burning splint, to the, close to the, to the 
tube… 
Teacher:  yes, go ahead, 
Learner:  bring, bring a glowing splint, burning splint close to the tube of hydrogen, 
teacher:  and the result? 
learner:  produce pop sound. 
 232 
 
Teacher:  it will give pop sound. Okay, is not a, a glowing splint but say, bring a burning 
splint close to a gas and then it will give… 
(Teacher displays and ask learners to recall some of the apparatus to be used in 
preparing and testing for the gases during the demonstration) 
Teacher:  what is this? 
Learner:  is a test tube, 
Teacher:  we are having a test tube, we are having a test tube, and what is this? 
Learner:  I think, it’s a beaker, 
Teacher:  is a beaker? Is a beaker this one? Hilma, what is that? What is this? What 
is this? Yes, 
Learner:  flask, 
Teacher:  it’s a flask or you can say is a conical flask, this one is a conical flask, then 
we are having this one, what is this, some of these things, aah, you know 
them, I just want you to… what is this? For the first time, 
All learners: yes, 
Teacher:  ooh, okay this one is a delivery tube and a stopper, it’s a delivery tube and 
a stopper, and ah, I am having, aa, aa, this, this, this here, what is this? 
What is inside? Its, read, 
Learner:  zinc, 
Teacher:  zinc, and I am having something here again that we are going to test, to 
use, what is this, for the first time to see, this, 
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All learners: yes? 
Teacher:  eeh, no, no, I want what is inside, the liquid inside, 
All learners: oshikundu (oshikundu is a traditional brew) 
Teacher:  we say oshikundu, but I want you to say it in English, 
All learners: oshikundu, 
Teacher:  oshikundu, in English? 
All learners: yes 
Teacher:  just oshikundu, it’s a traditional, it’s a traditional drink, and we are going to 
use some of these materials to prepare the gases and we are going to do 
the testing. Which gas do you want us to start with, the choice is yours, is it 
carbon dioxide or hydrogen? 
All learners: hydrogen, carbon dioxide. 
Teacher:  okay we can start with carbon dioxide, okay I am asking you to, I don’t know 
if you are going to see, but I am asking you to move forward at least to come 
closer and check how we are going to do it, but I will need two learners to 
come and help me. Martha, can you come, Martha, can you come, can you 
come, come and help me here. People I forgot something, that we are going 
to have to use when we are going to… what is it? 
Learner:  eye, glass? 
Teacher:  goggles, goggles, safety goggles that you have to put on when you are 
doing an experiment, I want each and every one to have this when we are 
going to do this experiment, unfortunately we are only having one, that’s 
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why I am going to put this one on to see, aah, okay now we are going to 
start with the preparation of the gases, put it on we are going to start with 
aah, carbon dioxide, okay we say that, aah, you can, you can, prepare 
carbon dioxide through aah, breathing or through burning, but again, aah, 
there is other way of preparing carbon dioxide that we are going to use now, 
aah, through fermentation, fermentation is like when you are making this 
traditional brew, aah, there is a gas which used to be produced and that gas 
we are going to identify what gas is that one through observing the changing 
that is going to take place when we, we, test the gas, what I am going to do, 
I am going to I would take this test this test tube, let me stir it nice, nice, 
nice, can everyone see, 
All learners: yes, 
(Teacher starts with the demonstration of preparing carbon dioxide using oshikundu, a 
traditional brew, while learners are observing) 
Teacher:  I would put a traditional drink here, then I would take the deliver and stopper 
and I will put it here, and I will put it here, I would take another test tube, 
okay I am having this aah, a conical flask, this is what we call limewater as 
we say we use to test carbon dioxide with limewater, now we are going to 
observe the changing, what is going to, to happen, aah, I will put the 
limewater here, but before, aah, the experiment I want you to observe and 
tell me what is the colour of this limewater? What is the colour? 
All learners: colourless, 
Teacher:  is clear, clear as you can see, then now I have to put this, test tube here 
and at least I want us to observe, observe, what is happening now to this, 
to this limewater, cos we say the gas produced which is here is carbon, 
carbon dioxide, I have to put something to stop it, save time, and everyone 
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see there what is happening here, we are trying to produce what gas, what 
gas are trying to produce? 
All learners: carbon dioxide 
Teacher:  and we are trying to test it in the test tube, the gas, will get inside. Okay, lets 
just leave it for the while and we say there will be a changing of colour, try 
to shake it so the reaction is fast. Okay, aah, while we are waiting for this, 
aah we said we can produce carbon dioxide when we are, we are breathing. 
I am going to do that to show you again if its going to give us the changing 
of colour of our limewater, can you hold this one for me, okay, aah, what I 
am going to do, I am going to put limewater, I will put limewater here and 
again we check the colour of limewater, what is the colour? 
All learners: colourless, 
Teacher:  colourless, very, very clear as you can see, now I will be careful, because I 
have to be careful, for the liquid not to go in my mouth, observe what is 
happening to the colour, there would be a changing in colour. 
(teachers started bubbling the gas she is producing via breathing into clear limewater, whereas 
learners are observing) 
 
Teacher:  are you observing something? 
All learners: yes, 
Teacher:  mhuu, what is colour now, 
All learners: milky white, 
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Teacher:  milky white or we say milky, cloudy, cloudy, milky, but most people use, we 
use milky, you can see now that the colour change, which means the gas 
that I was producing is what? 
All learners: carbon dioxide, 
Teacher:  carbon dioxide, that’s why we are saying we test carbon dioxide by aah, 
bubble through… 
All learners: limewater, 
Teacher:  bubble carbon dioxide through? carbon dioxide into a gas then the result 
will be? 
All learners: limewater will turn milky, 
Teacher:  limewater will turn milky, lets now go back to our experiment, come closer 
and check if there is a change, here. There is? 
All learners: aah, no, nothing, 
Teacher:  let’s try in science we try and if it not we try the other way. Aah, it cannot 
just take like the other one I was producing…. Let’s give it time, lets give it 
time aah, and we cannot just wait for that, I think we can, we can move on, 
while we are waiting for that one to give us the results that we are looking 
for. You can go, move on. 
(Teacher started with a next demonstration on the preparation and testing for hydrogen 
gas, while giving some time for the previous reaction to produce the gas) 
Teacher:  I would take the test tube and test tube holder and put it here, aah, now 
what we are going to do we are going to put aah, what is this again? 
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 All learners: hydrochloric acid, 
Teacher:  hydrochloric acid, I am going to put hydrochloric acid in a test tube and I will 
ask Angula to put zinc in hydrochloric acid and I am going to do the testing 
of hydrogen, hydrogen gas, Angula I am going to give you this zinc so that 
you can put it there, the we check the reaction and we will test the gas that 
is going to be produced. This one is just ee, zinc, a metal or a non-metal, 
metal, type of a metal, is a metal, reacting acid with a metal then it will give 
us a hydrogen gas, just come closer, come close here. Now I will, I will ask 
him, to put, to put this metal into hydrochloric acid then we are going to, to 
do the testing, the testing to check if its going to work. Okay I will ask you 
to put that, zinc into hydrochloric acid, you can put it, aah, okay what do you 
heard? 
All learners: pop sound, 
Teacher:  its eeh, pop sound, its pop sound, that is a pop sound we are talking about, 
but some of you wanted to run, I don’t know. But is eeh, yeah. That’s how 
we test, eeh, what gas? 
All learners: hydrogen. 
Teacher:  now can anyone tell me just explain to me. How can one test hydrogen gas? 
How can you test hydrogen gas? Ashilando? How can we test hydrogen 
gas? Come here and give us the answer, come close to me here, Ashilando, 
come here and give us the answer? How can we test hydrogen gas? 
Martha? Can you give us the answer, explain? Explain, you are just 
explaining what happen here, eeh, yes, Martha can you please explain. 
How can we test hydrogen gas? Speak loud, speak loud, speak loud, 
Learner:  you take hydrochloric acid then you put, zinc, react with a metal, 
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Teacher:  then the result? 
Learner:  the result will…pop sound, 
Teacher:  pop sound, thank you very much Martha, Figi, can you explain to us, how 
do we test hydrogen gas? Come here, come closer, how do we test 
hydrogen gas? 
Learner:  just put a zinc in an acid, metal put in a test tube then take a match, then 
you light, then you put it in the test tube, a pop sound will be produced, 
Teacher:  pop sound, by that we mean, testing hydrogen, you just aah, bring a burning 
splint close to the test tube close to the gas, then it will give a pop, sound, 
are we together? 
All learners: yes 
Teacher:  okay, lets now go back to our first experiment about this fermentation, come 
closer and try if you can get something, is there anything, any change taking 
place there? 
 All learners: yes, 
Teacher:  what do you see there? 
Learner:  limewater change colour turning into milky, 
Teacher:  is the colour changing now? 
All learners: yes, 
Teacher:  okay, which means now the gas which is produced is what? 
All learners: carbon dioxide, 
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Teacher:  carbon dioxide, those who are far you can come closer and check again, 
those ones who are far, come closer. Can you see a change of colour? 
All learners: yes, 
Teacher: it was just colourless, it was just clear, but now… if you can keep it again 
for some hours, then it can, it can give you the… results. I did not say you 
should go, I did not say you should go, we are not done, I want to ask you 
something, I want to ask you something, I want to ask you that… is there 
anyone with a question? You can ask, ask anything that you want to know 
you can ask, ask. Did you get what we were doing here? 
All learners: yes, 
Teacher:  okay, I want you to go back in your seat so that at least I can give you an 
activity, just go back to your seat. I want you to answer those questions, 
answer the questions again, then you bring them, then I will mark, once you 
are done. 
Teacher 83 
The teacher entered the class and he greeted learners and he started the lesson as 
follows: 
Teacher: can anyone remember the topic that we did previously, any name of the gas 
that we did previously that you can remember, yes in Physical Science? 
Learner:  argon, 
Teacher:  yes, argon is a gas, but we did not look at that, yes Lucia, 
Learner: oxygen, 
 240 
 
Teacher:  oxygen, another gas that you can remember? 
Learner: carbon dioxide, 
Teacher:  carbon dioxide, can you remember any gas again? yes 
Learner:  nitrogen, 
Teacher:  nitrogen, mhuu, we have nitrogen, any other gas? Any other gas that you 
remember? You don’t remember anything, mhuu, you sit properly, Lucia, 
you cannot remember any gas that we did previously, you cannot, yee? Of 
course all of these are gases but there is another important gas that we 
should look at and we are going to look at today and that gas is hydrogen, 
so at this moment in time I want us to concentrate on the production of 
hydrogen, we will do a little bit of carbon dioxide, but mostly oxygen and 
hydrogen, but we will also do a little bit of carbon dioxide, now I want 
somebody to remember, yes Martin, which gas from the list, which gas do 
you breathe in? 
Learner: oxygen 
Teacher:  oxygen, which gas do you breathe out? 
Learner: carbon dioxide, 
Teacher:  carbon dioxide, is he correct? 
All learners: yes, 
Teacher:  but another question is how will you tell that this gas is carbon dioxide? How 
can you test that this gas is carbon dioxide? Can you specifically say what 
chemical that we use to test for carbon dioxide? See, you seem to have an 
answer (teacher points at one learner), 
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Learner:  limewater, 
Teacher:  limewater yes, Linea, do you also breathe out carbon dioxide? 
Learner: yes, 
Teacher:  yes raise, do you also breathe out carbon dioxide? but I want you to show 
to everybody that yes, this is carbon dioxide that I am breathing out, now I 
have a container of limewater, I am not going to give you this to drink, don’t 
sit, stand, come here, (teacher calls out one learner to come and do the 
bubbling) yes describe, I want you to describe the property of this 
limewater, how does it look like? What colour so to say is this? yoh, eeh, 
Learner:  clear, 
Teacher:  it’s clear, now I want you to show us that yes, I breathe out carbon dioxide, 
what I want you to do is, I want you to breathe in, ah, not in, breathe out, 
bubble that gas from you while others are observing, come put it on your 
mouth and then you start bubbling, no, come on, continue, now this is a 
clear indication that Linea breathe out carbon dioxide. What happens to 
clear limewater? 
All learners: It turns to milky white, 
Teacher:  it turns to milky, it turns to cloudy or we say it turns to milk white, anyone 
else who wants to breathe out carbon dioxide? We have plenty of limewater, 
yes now this time I want, I need a boy, Newaya come, I think you have 
difficulties in standing up, Newaya come, 
(the learner came forth to repeat the bubbling of the gas as was previously done the 
first learner) 
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Teacher: yeah, you just bubble it, its fine, you see, everybody else will breathe out 
carbon dioxide and this is the test for carbon dioxide gas, it turns clear 
limewater to milky white, yes that is what I wanted us to do with carbon 
dioxide, that, the test is bubble the gas into clear limewater, remember the 
limewater must be clear, not just limewater and then the results we say, 
clear limewater turns, we can either say turns milky or we say turns milk 
white, that white colour that resembles milk or it turns cloudy, that is the test 
for carbon dioxide, right. 
(The teacher continues with the next demonstration, which is about the preparation and 
testing of oxygen) 
Teacher:  now we are going to look at another gas and this is going to be oxygen. I 
will need maybe three people to come and… (teacher lights a candle) can 
you still remember the properties of oxygen? 
Learner:  its colourless, 
Teacher:  its colourless, 
All learners: odourless, 
Learner: tasteless, 
Teacher:  tasteless, 
Teacher:  yeah, not smelless (sic) we say odourless, right, well, the, but then what we 
are going to concentrate on is the test and result of oxygen. I will have, 
(teacher calls two learners to come forth) come, Sophia, Sophia, Sophia 
and Junias, Sophia you not show me those things, you cannot start wearing 
properly when you were just here, come. I will have that test tube, I will need 
that test tube, unfortunately, we don’t have a spatula with us, but it’s not a 
problem we going to improvise, I will, this black powder is called oxygen 
 243 
 
mixture, and this is what we are going to use. Can you hold this for me 
please? Hold it for me, and we are going to burn this, oxygen mixture to see 
whether the test that, I mean the result that we will get from the test complies 
with the test for oxygen. What does the test for oxygen says? 
Learner: you bring the, you put the, 
Teacher: the what? 
Learner:  the glowing splint into, 
Teacher:  yes, and what is the result? 
All learners: the glowing splint relights, 
Teacher:  we will see whether this glowing splint will relight. Junias, may you please 
stand that side? Oh, take that, I will start burning, you can also burn that 
one, come this side. Blow off the, blow off that thing, aah is not yet glowing 
(teacher attempted to test for oxygen). We need to be glowing just red 
without this flame. Yeah, blow it off, now put it in contact here. You see, 
come this side, come this side. Take it out. Yes, put it inside here, yes take 
it off, wait, wait, wait… put it there, you see, put it there, put it a bit inside, 
again, again, what I want you to see is that, when you put this glowing splint 
in the presence of oxygen, you can see that the flame comes there. This is 
basically the test for oxygen. What does the test say? The test says, put a 
glowing splint into the, let me say the gas test tube. The result is that a 
glowing splint relights. These are key words and you must always mention 
them, only oxygen that relights a glowing splint, nothing else, no any other 
gas that relights a glowing splint. If you put carbon dioxide in this, I mean if 
you put a glowing splint into carbon dioxide, it will not relight, meaning when 
the glowing splint relights in the presence of a gas, that gas is obviously 
oxygen. 
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(In the next demonstration, the teacher, attempted to prepare and test for hydrogen gas) 
Teacher:  now, we are moving to the last… and this is hydrogen. 
(teacher starts pointing out the apparatus to be used during the demonstration) 
Teacher: this is a big… metal, zinc and we will use this toxic and poisonous liquid that 
is hydrochloric acid, and we have to understand from the onset that the 
reaction between any acid and any metal produces the metal salt and it 
releases the hydrogen gas, but the most important thing is, we should be 
able to explain the test and results for hydrogen gas. I still need somebody 
to come and… Rosalia come. 
Teacher:  this metal is enough, (teacher gave some apparatus to the learner to handle 
during the demonstration) that is zinc metal and please note how shiny it is 
before the reaction, after the reaction it will be of another colour. I will need 
somebody again to come and… I will need somebody again to come and 
work with the…are you showing me? No, Ndahambelela come, just do what 
I will tell you. I don’t have a toilet paper here, because this, this reaction is 
highly exothermic, you need to hold it here, no you will prevent others to 
see, may be yeah, hold it. This liquid is very, very cold but may be after a 
while you will understand why I said this reaction is highly exothermic, 
because then the test tube will become very, very hot, that’s why I said you 
need to hold it like this. Ndahambelela, you will, you will place the flame just 
like this, you will place a flame like this when the gas starts coming out, 
yeah, when I place it in here. Take your stick put it there, yes, put it off, yes 
again, yeah, I think its fine. It was just burning out there. It’s not magic ladies 
and gentlemen, its science. 
All learners: (laughter). 
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Teacher:  If one wants, you can see the content seems to be boiling, but this is what 
we call chemical reaction and it produces... if you touch it a little bit here, 
you find out that its hot, but now of the whole… of the two reactants, zinc 
and the acid they are all cold, but then after the reaction, everything 
becomes very hot, because the energy is given out and that is what we call 
exothermic reaction. 
Teacher:  Remember what I said the other time about exo, yeee, exo, say.. exo 
means, not in 
All learners: out, 
Teacher:  you cannot remember your ex-girlfriend or boyfriend 
All learners: (laughter) 
Teacher: right, this is the end of our demonstration. I hope you picked up something, 
in the next lesson you will consolidate what we did, and we will look at the 
properties again of the gases. What you need to understand on the test for 
hydrogen, the test and the result, we said the test, bring the flame in contact 
with the gas, what happens after you brought the flame in contact with the 
gas, we say the gas burns with a, we call that sound a pop sound. We have 
the test and results for hydrogen, the test and result for carbon dioxide and 
then test and result for oxygen. Thank you very much for listening. 
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Appendix A12: Interview transcripts 
INTERVIEWS TRANSCRIPTS 
Note: the codes used in this transcriptions for teachers, are the same codes that were used in 
the questionnaire survey. For this qualitative analysis, 10 teachers have been selected and their 
codes are as follow: T2, T3, T6, T9, T16, T25, T33, T55, T76 and T83. Wherever these codes are seen, 
they are denoting these teachers, whereas, R, resembles the researcher: 
Teacher 2 
R:  Good morning ma’am and thank you for participating in this research study. 
T2:  Good morning sir? 
R:  Okay, I just have a few questions that I want to ask you with regard to how you completed 
the questionnaire. The first question is, what learning outcomes did you see for this 
lesson? 
T2:  Thank you for the question, the learning outcome was to discuss the energy or 
temperature changes in endothermic and exothermic reactions. 
R:  So, what was the purpose of the demonstration then? 
T2:  The purpose of the demonstration was to prove to learners how the temperature changes 
in exothermic reaction and how the temperature changes in endothermic reaction as they 
have learned in endothermic reaction, energy is taken in and in exothermic reaction 
energy is taken out. 
R:  Okay, so, how did you see the role of learners in this lesson? 
T2:  Learners were most of the time the learners were observing as I, the teacher was busy 
with a demonstration, but they were also active at some points because they have to 
answer questions that I have asked them, and they also have to feel the test tube when 
we were doing the demonstration to see if the test tubes has become hot or colder. 
R:  Okay, thank you, how did you see your own role then in the lesson? 
T2:  My role in the lesson was just to demonstrate to the learners how the temperature changes 
in the two reactions that we have done. 
R:  According to one of the questionnaire items, which reads, ‘I begin the demonstration by 
asking learners to make a prediction on what will happen’, you indicated that you do this 
for most of demonstrations, however, I did not see this in the lesson, maybe would you 
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explain to me why, were learners not given an opportunity of making a prediction or 
hypothesis before the demonstration? 
T2:  I think, maybe it’s just a human error, I actually just forgot 
R:  (laughs), okay it fine, why did you not establish learners’ current or prior understanding of 
the science concept? 
T2:  I would say that, okay I usually didn’t ask them to guess what would happen, but then I 
asked them to define the two reactions, so in that case I asked for their prior knowledge 
on the two types of reactions. 
R:  Okay, it seems that the results of the experiment were already discussed before this 
practical demonstration, so would you tell me what was the purpose of the practical 
demonstration then? 
T2:  Yeah, the purpose was just to prove that yes, in exothermic reaction energy is given out 
that’s why, the products would be hot and in endothermic energy is taken in, that’s why 
the products would become colder than the reactants. 
R:  Thank you, another questionnaire item also that you rated you do for most demonstrations 
was that you demonstrate to group of learners, but why did you not put learners in groups 
then during this demonstration? 
T2:  The purpose of to demonstrate to the whole class was just to save time, because 
demonstrating group or going from group to group, is very time consuming and a lesson 
is just 40 minutes, so was just to save time and to finish with the demonstrates at once. 
R:  Thank you, can you think f other practical activities where learners were more actively 
involved, because it seems here learners were not really actively involved, maybe another 
practical work that you did with the learners and if so would you give an example. 
T2:  I haven’t done any practical with my learners, that’s why they are so shy when it comes to 
practical because they are not used. So, the reason is because our school doesn’t have 
any apparatus to use during practical and when we have conducted this practical we have 
to borrow from the other schools, so actually we don’t have materials for practical and we 
don’t, most of the time we only do theory. 
R:  Okay, we are now drawing closer to the end of our interview, we still have one more 
question. Will learners be assessed for this demonstration and if so, how? 
T2:  Learners will not be assessed because this was actually just a proving demo, so just for 
them for the to see but they will not be assessed, because it’s just one basic competency 
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if I have to assess I don’t know how many marks will they be awarded, because there will 
only be maybe one to two questions there, so they will not be assessed. 
R:  Thank you very much we have come to the end of our interview and it was an indeed 
pleasure observing, I mean interviewing you. 
T2:  Thank you sir, have a good day. 
R:  Okay. 
 
Teacher 3 
 
R:  Okay, good morning and thank you very much for participating in this research study. 
T3:  Thank you Mr. 
R:  Okay, I just have a few questions that I have to ask you with regard to how I observed 
your demonstration. The first question is what learning outcomes did you see for this 
lesson? 
T3:  Learner were able to explain the expansion in solids, that’s why I demonstrate them, to 
them how expansion take place in solids, by using a ball and ring. 
R:  Okay, aah, what was the purpose of the demonstration then? 
T3: Aah, just to compare what they learned theoretically, so that this one can, just to confirm. 
R:  Okay, how did you see the role of learners in this lesson especially during the 
demonstration? 
T3: Most of them were just observing while I did the demonstration. 
R:  Okay, so, what was our own role, in the demo, in the lesson? 
T3: I was demonstrating then learners were just observing. 
R:  Okay, according to one of the questionnaire item in the questionnaire that you just 
completed, you indicate that you begin the demonstration by asking learners to make a 
prediction on what will happen, and you say you do this for most of the demonstrations. 
Maybe would you tell me why were learners not given an opportunity of making a 
prediction or hypothesis before the demonstration? 
T3:  We did that one already in the theory lesson and it was behind time that we cannot do that 
anymore, that’s why I did them time to do. 
R:  Okay, would you also tell me why did you not establish learners’ current or prior 
understanding of the science concept being demonstrated? 
T3: Come again sir? 
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R:  Yeah, the question is why did you like maybe ask questions to find out what the learners 
know already about expansion? 
T3:  We did it already theoretically, that’s why we were just doing it practically. 
R: Okay, it seems to me that the results of the experiment were already discussed as you 
indicated that you did the lesson theoretically, maybe would you tell me what was the 
purpose of this demonstration? 
T3:  Just to confirm on what I taught them theoretically and to compare with what we are doing 
practically, so that they will understand fully. 
R:  Okay, you also indicated in the questionnaire that you demonstrate to the group of 
learners, but what I observed, you demonstrated to the whole class, maybe would you tell 
me why did you not place the learners in groups? 
T3: The apparatus were not enough and to save time 
R:  Okay, thank you, we are drawing closer to the end of the interview, can you think of other 
practical activities where learners were more actively involved, other than the one I just 
observed. 
T3:  We did not do many of them because we don’t have apparatus at our school, most of the 
topics we just do theoretically not practical one, because we don’t have the apparatus, 
they are not enough. 
R:  Okay, our last question now, is will learners be assessed for this demonstration and if so 
how? 
T3:  No, they will not be assessed, but just for them to understand how expansion take place 
in solids 
R:  Okay, thank you very much sir we have come to the end of our interview. 
T3: Welcome sir 
R:  Okay. 
 
Teacher 6 
 
R:  Good afternoon ma’am and thank you for participating in this research study. 
T6:  Good afternoon Mr Shivolo, and I am very happy that you here and I hope everything will 
go well. 
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R:  Thank you, Aah, I just have a few a question that I have to ask you, aah, looking at our 
classroom observation that I just did when you were doing a demonstration, aah, what 
learning outcomes did you see for this lesson? 
T6:  The objective for this lesson is to know and interpret by means of kinetic theory of matter, 
the process of expansion in solid. 
R:  Okay, so what was the purpose of carrying out this demonstration then? 
T6: The aim of this practical is to demonstrate by means of all and ring apparatus expansion, 
aaah, meaning, we are going to fit the ball in the ring before and after we heat the ball. 
R:  Okay, aah, how did you see the role of the learners in the lesson? 
T6:  Aah, the learners were first observing the demonstration and after, they were some 
questions that I pose, and they were giving answers meaning they were answering these 
questions and they completed the class activity. 
R:  Alright, moving from the learners focus now, how did you see your own role in this lesson? 
T6:  Aah, I firstly explained aah, the, or giving the theory of the lesson, I demonstrated the 
expansion to learners using the ball and ring apparatus. 
R:  Okay, according one of the questionnaire item, aah, you rated that you begin the 
demonstrations by asking the learners to make a prediction on what will happen for most 
of the demos, why were learners not given an opportunity of making a prediction or 
hypothesis before the demonstration in this class activity? 
T6: As a, Grade 8 is the beginning of the junior secondary phase, I assumed learner do not 
know or they might not have ideas of this topic. 
R:  Okay, aah moving on to the next question, why did you not establish learners current of 
prior understanding of the science concepts being demonstrated? 
T6:  As I indicated in the previous question, I assumed this is a science topic to the learners 
and I wanted to present it as a raw content to them by means of demonstration. 
R:  Okay, mhuu, the next question, it seems that the results of the experiment were already 
discussed before the practical, so what was the purpose of you carrying out this 
demonstration then? 
T6:  Aah, the purpose as I first said I explained the theory the purpose of this practical, it was, 
just to, to affirm that the process of expansion, before and after heating the ball, just to 
show the learners practically. 
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R:  Okay, we are drawing closer to the end of our interview, so one more question, can you 
think of other practical activities, were learners were more actively involved and please 
give me an example of such. 
T6: Aah due to the lack of materials, I could actively involve all the learners this demonstration, 
however learners were actively in the topic of, in, in this topic that I took, in scientific 
process, whereby I, I told the learners to work in pairs to estimate each other’s heights 
first and then after, they estimate, they, they start measuring each other’s height using the 
measuring tape. 
R:  Okay, Aah, will learners be assessed for this demonstration and if so how? 
T6: Aah, yes, I gave a, a classwork in forms of questions, whereby learners have to complete 
this, they, completed the, the, the classwork in pairs and I assessed it. 
R:  Okay, thank you very much ma’am we have come to the end of our interview. 
T6: Oh, thank you Mr. Shivolo, good day. 
R:  It’s my pleasure. 
 
Teacher 9 
R:  Good afternoon sir? 
T9:  Good afternoons, how are you? 
R:  I am good, okay that you very much for participating in this research study, I just have a 
few questions that I have to ask you with regard to the classroom observation that I did. 
Question, what learning outcomes did you see for this lesson? 
T9:  Yeah, the learning outcome is for the learner understand that once matter is heated, aaah, 
they can expand, especially solids can expand just like gas and liquid particles. 
R:  Okay, so what was the purpose of this demonstration then? 
T9:  The purpose of doing this demonstration is for the earners to, to, to observe the 
demonstration and also to understand, the concept of expansion while the teacher is 
carrying out the experiment, and also to respond to questions throughout the lesson and 
to construct new knowledge about the expansion of matter. 
R:  Okay we are moving onto the next question now. How did you see the role of the learners 
in this lesson? 
T9:  Aah, the role of learners in this lesson is to, one is to learn new concept, of expansion, as 
this topic is new to them, they are learning something, and also to be able to demonstrate 
what they have observed in the class when they are going to the real world. They will be 
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able, and also to respond to questions when it comes to anything about matter with 
expansion. 
R:  Okay, how did you see your own role in this lesson? 
T9:  My own role as a teacher is to explain to learners the science concepts and to demonstrate 
to them, especially with experiment that matter can expand. 
R:  Okay, according to the questionnaire, one of the questionnaire item, you rated highly, or 
that you begin your demonstration, by asking the learners to make a prediction on what 
will happen, and you said you do this for most of the demonstrations, but according to 
what I observed, why were learners not given an opportunity of making a prediction or a 
hypothesis before this demonstration? 
T9:  If you look, this is Grade 8, these learners, they are new to grade, in Grade 8, the topic is 
also new to them, it will be difficult for them to brainstorm, what we are going to discuss, 
or to come up with the topic, that’s, why as a teacher, I decided to do the introduction to 
them. 
R:  Okay, it was also evident in the classroom observation that, you did not establish learners’ 
current or prior understanding of the science concept, why was this so? 
T9:  As I already mentioned in the previous quest… when I was answering the previous 
question, that learners are new to this, to Grade 8, its difficult for them to do, to come up 
with the topic or to brainstorm it, then it’s better for the teacher to do the introduction, thus 
why I did it, and also on one side it saving time then brainstorming them, because they 
will come up with new topic. 
R:  Okay, why did you not place learners in groups, because according to one of the 
questionnaire item you also rated that you put learners in groups and you do a 
demonstration per group. 
T9:  Yes, when it comes to this experiment of expansion, at our school we don’t have enough 
resources, then it was no use of putting learners in groups, then the better way it’s for me 
as a teacher to do the experiment while learners observe what the teacher is doing, we 
don’t have resources. Our school is somehow in remote area. 
R:  Okay, can you think of other practical activities that you perhaps might have done before, 
where learners were more actively involved, and could you please give an example of 
such. 
T9:  One of the experiments that learners are more actively involved is the experiment of 
carbon, where we usually, ask learners, we place them in groups of three or four, then we 
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ask them to bring a traditional brew, called oshikundu then when they come with that 
traditional brew we will have experiment in groups, the teacher have to provide balloons 
to them that they will put on their container, then we give them also sugar, so that they 
can add in one of the container, then later, we, learners have now to observe their 
experiment to see which one, which of the container is producing more carbon, is it the 
one with no sugar or the other one with sugar. There learners are more actively involved, 
because they are doing the experiment themselves, and they give the results, or the 
outcome of what they have carried out during the experiment. That one is the most one 
that we, I usually use, I usually see them very experiment especially when we did it 
previously. 
R:  Okay, are you referring to… this is just a follow-up question, are you referring to carbon 
or carbon dioxide, carbon as I coke or carbon dioxide. 
T9:  Ooh, its carbon dioxide the gas itself, we mostly carry out that experiment a production of 
carbon and then later they have to do the testing of carbon dioxide to prove if that gas is 
carbon dioxide through using clear limewater, again the teacher have to provide that one 
to learners again, few containers and then after the carbon is produced, the learners are 
just going to do the what, the testing themselves and give the results what they gain or 
observed. 
R:  Okay, we are drawing now closer to the end of our interview, so this, one last question. 
Will learners be assessed for this demonstration and if so how? 
T9:  Yes, in most cases they have to be assessed but due to time lime, you know like some of 
these lessons are just 40 minutes, sometimes the experiment will take up 40 minutes and 
then it will be difficult for the teacher to assess at the end of the lesson, but, this is how I 
do it, in most cases I have to first to teach two or three basic competencies and after I 
teach that, then I am going to assess them, for example I have to provide a worksheet 
with good questions, quality ones and then the learners have to answer those questions, 
using what they have learned from the experiment that experiment like we, done either 
previously in, during lesson or sometimes we can give them those worksheet to carry so 
that they can answer it during study time when they have more time. 
R:  Thank you very much, we have come to end of our interview, and it was an indeed 
pleasure having you participating in this research study. 
T9:  You are more than welcome sir, you come always come to me if there is anything 
R:  (laughs) Okay. 
 254 
 
 
Teacher 16 
 
R:  Good afternoon ma’am? 
T16:  Good afternoon sir? 
R:  I hope your afternoon is fine? 
T16:  Perfect, a bit hot 
R:  Haa, that’s in Namibia, okay thank you very much for participating in this research study. 
T16:  Welcome 
R:  I just have a few questions that I have to ask you. 
T16:  Okay sir, 
R:  The first question, what learning outcomes did you see for this lesson? 
T16:  Learners were to observe and understand the test of gases, test for hydrogen, oxygen 
and carbon dioxide. 
R:  Okay, thank you, so maybe what was the purpose of this demonstration? 
T16:  The purpose was to prove to the learners that gases exist even though, they have common 
properties, they are differ when it comes, to, to test, when you have to test them, and so 
it was strengthen the in-depth understanding of the results they get when they are testing 
different gases and to see and know and remember for their life. 
R:  Okay, the next question is, how did you see the role of the learners in the lesson? 
T16:  Yeah, basically, this was a demonstration where learners were supposed to observe, take 
notes and understand and make difference between the gases and to confirm the results. 
Also, to give the brief answers when by doing it individually in their worksheet. 
R:  Okay, so okay moving on from the learners what did you see as your role in this lesson? 
T16:  Aah, as a teacher and this lesson was more teacher-centre, it was more of a teacher-
centred activity, I was supposed to set up and explain the materials I used in the lesson 
to the learners and then mostly to demonstrate, due to the fact that, the provision of 
resources when it comes to science, that’s not so good and we don’t have enough 
resources at the same time we are trying to save so that we can do other practical, so I 
could not give learners to do individual or group works, rather I demonstrate and for them 
to observe. 
R:  Okay, according to one item of the questionnaire that you completed, you indicated that 
you begin the demonstration by asking the learners to make a prediction on what will 
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happen for most of the demonstrations, but according to what I observed, why were 
learners not given an opportunity of making predictions or hypotheses before the 
demonstration? 
T16:  Okay, good question, you know that these learners are very new learners in the junior 
secondary phase and then in primary phase the objectives in Natural Science they were 
only to learn the different types of gases and the composition of gases, so they haven’t 
learned about deep understanding of the test results of gases and therefore it was a new 
topic to them in Grade 8 and there wasn’t a dire need for me to ask prior or pre-knowledge 
questions, since they have never done it before and that’s why I actually started straight 
with the basic competencies of what we need to learn. 
R:  Okay, just moving on, there is an indication from the observation, it seems that learners, 
okay you asked for learners or you tried to establish learners’ current or prior 
understanding of the science concept being demonstrated as you asked for them to tell 
you constituencies of the gas, why did you do this, in this demonstration? 
T16:  If you recall well at the beginning of our lesson today, I asked learners just a basic 
question, regarding the composition of the air that they have learned and for them to link 
what they have to our new topic that were going, so this could help them to refresh their 
mind and to connect the little that they know to what they just have learned today. 
R:  Okay it was apparent during the observation that a worksheet was developed for the 
learners. As also correlating to what you have rated in the questionnaire, one of the 
questionnaire item of course, which, whereby you also rated that you provide learners with 
the worksheet to complete for most demonstrations. How did the learners record their 
results in this worksheet? 
T16:  So, what they did of course they have to observe and then jot down what they were seeing 
which we basically, they did as they observe, and they quickly jot down to remember in 
the future though, but the, yeah, what actually are you trying to… 
R:  Yeah, the question is actually on how did the learners okay, because they were observing 
and completing the worksheet at the same time, how did they record their results? 
T16:  So, they did shortly and briefly of, observing and recording in jotting down and do the 
comparison after. 
R:  Okay, thank you, so as I have seen this lesson was more and as you indicated earlier on, 
it more on a teacher-led demonstration, can you think of other practical activities that you 
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might have done previously, where learners where more actively involved and would you 
give an example for that? 
T16:  Hey, look, we actually have a lot prescribed activities that we can do with the learners and 
many a times we get, or we got stuck due the lack of resources, but a better activity I can 
remember that we have involved learners is during the scientific processes and when we, 
I paired them, put the learners in groups they did it in pairs and then that was on, to find 
the density objects where learners did the measurements and then recorded according to 
the calculation, that was a very successful activity where learners participate because they 
were in pairs and then they did everything themselves following the instructions that I 
provided them. 
R:  Okay, drawing closer to the end of our interview, you also rated one of the questionnaire 
item that you do for most demonstrations, that you get one learner to assist you in a 
demonstration, but why didn’t you involve, or why did you have learners to assist you 
during this demonstration as you have indicated in the questionnaire? 
T16:  So, you know, in science also learn about the safety rules of lab and things that we need 
to do when we are conducting the demonstrations or experimental work, the main thing 
that I could not involve all the learners we do not have all the enough safety materials for 
examples the gloves, the demonstration that I did it involve the acid, if you look well in one 
of the clips, the gloves that we have they are actually not even comfortable and giving to 
the learners like I am taking chances and taking a risk, so I could not do that to involve 
learners in this activity, even though is our wish, materials are not enough, acids are not 
things that are easy to handle by the learners and at the same time also, the class is a bit 
overcrowded, I am talking of 33 learners, so to put them in groups, it will not give the a 
clear visible sign for them to see what is happen and thus, I decided standing in front of 
them it could be the only best option. 
R:  Okay, would you say if this demonstration was not involving hazardous or corrosive or 
dangerous substances, would you say you would agree, or go back to what you rated in 
the questionnaire that you would, or you do involve learners to assist you during a 
demonstration? 
T16:  Definitely, because learners, they remember well when they do themselves and it is 
actually recommended that we need to involve them in lesson and encourage, or promote 
the learner learning centred education, learner-centres education where learners do more, 
and we only give the guidance. 
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R:  Okay, thank you very much Ms, we have come to the end of our interview. 
T16:  Aah, thank you and welcome and it was good to have you at our school 
R:  Thank you. 
 
 
 
Teacher 25 
R:  Good afternoon ma’am? 
T25:  Good afternoon sir, how are you? 
R:  I am fine 
T25: Alright 
R:  Okay, thank you very much for participating in the, this research study, I just want to ask 
you a few questions with regards, to our lesson, classroom observation. So, the first 
question is, what learning outcomes, did you see for this lesson? 
T25: Oh, the mhuu, learning outcomes was for the learners to understand, that in a 
decomposition reaction, a complex compound break down to a simpler substance or into 
a simpler, aah, compound. 
R:  Okay, aah, so what was the purpose of the demonstration then? 
T25:  Aah, the purpose of the demonstration was for the learners to understand more the 
decomposition reaction, whereby for example, we did, aah, ammonium carbonate which 
we observed that it break down into ammonia, carbon dioxide and water after heating, so 
it was just for the learners to understand that. 
R:  Okay, so how did you see the role of the learners in the lesson? 
T25: Okay, the role of the learners was to observe when the teacher is doing the demonstration, 
it was also to participate, for example they were asking questions and also to help, to 
assist the teacher for example in holding some of the materials during the experiment. 
R:  Okay, so how did you see your role then in this lesson? 
T25: Okay, my role was more on demonstration, where I have to demonstrate the, the practical 
about ammonium carbonate whereby I have to heat it and to observe the results and also 
to, and also to explain some of the scientific concepts to the learners and also to show 
some of the instruments that we use when we want to do a decomposition reaction. 
R:  Alright, aah, according to one of the questionnaire item that you completed, you rated that 
you begin the demonstration by asking learners to make a prediction on what will happen, 
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and you said, you rated this one for the most of the demonstrations, but what I observed 
in this lesson, there was no such, may be why were learners not given an opportunity of 
making a prediction or a hypothesis before the demonstration? 
T25: Okay, aah, sometimes I take, sometimes I take it like if learners make a prediction before 
the, the demonstration, it might be difficult for them once they observe the results, to, to, 
to balance with what they have observed from the experiment. So, I take it as, if learners, 
learners ill just wait for the experiment then they will observe the results then they will take 
it from there. 
R:  Alright, okay, I also observed that you established learners current or prior understanding 
of the science concept being demonstrated, maybe why did you do this? 
T25: Okay, mhuu, I always like asking the learners prior knowledge just to see how they 
understand the concept, like I explain, because it make them to, to, to get a picture is the, 
what will be the demonstration all about and also for me to understand that at least they 
have some part that they understand I just have to elaborate more here and there 
R:  Alright, eemhuu, were learners given a worksheet to complete in this demonstration? 
T25: No, I did not give them a worksheet to complete. 
R:  Maybe, would you tell me why they were not given one and how do you expect the learners 
to record the results of this demonstration? 
T25: Okay, the, the thing is a lesson is just 40 minutes, so if I happen to do the practical, I, I 
realise that I might not get enough time for the learners to complete the worksheet, so, 
what I usually do, I do the demonstration in one lesson, then in the next lesson is when I 
give a worksheet for the learners to, to do. 
R:  Okay, we are drawing closer to the end of our interview, aah, maybe, just one more 
question, aah, can you think of other practical activities were learners were more actively 
involved and please, would you give me an example. 
T25: Okay, we aah, we did a, a practical on expansion, whereby the learners were divided into 
groups and I gave them a ball and a ring, just to, to, to heat the ball and observe what 
happen and after they have observed that the ball have expanded, that was expansion. 
R:  Oh, marvellous. Aah, the last question, will learners be assessed for theses 
demonstrations, the today’s and the previous demonstrations that were done, and if so 
how? 
T25: Of course, they have to be assessed I will prepare some worksheets just to test the 
learners on what they have got from the demonstrations. 
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R:  Thank you very much for your time and it was indeed a pleasure having you. 
T25: Okay thank you too and more than welcome. 
 
 
 
 
Teacher 33 
 
R:  Aah, good morning Ms? 
T33:  Yes, morning sir? 
R:  How are you? 
T33: Very fine, how are you? 
R:  I am fine, Okay, thank you very much for participating in this study, I just have a few 
questions that I am going to ask you. The first question is, what learning outcomes did you 
see for this lesson? 
T33: Aah, the learning outcomes for the lesson was simply for the learners to understand how 
diffusion can take in the three states of matter 
R:  And what the purpose of this demonstration then? 
T33: The purpose was mainly just for learners to discover that diffusion does not just take place 
in gas state, but it can also take place in the other two state, the liquid and the solid as 
illustrated in the lesson 
R:  Okay, we move on to the next question, how did you see the role of learners in this lesson? 
T33: Mhuu, they were not really playing a major role for the reason that, they were not fully, 
they were just observing since we never have like enough materials for them to do on their 
own. 
R:  Okay, how did you see your role in the lesson, what was your role in this lesson? 
T33:  My role in the lesson was to demonstrate and illustrate to the learners how diffusion can 
take place in all three state of matter, solid, liquid and gas. 
R:  Okay, thank you, why were learners not given an opportunity of making a prediction or a 
hypothesis before the demonstration? 
T33:  I found not necessary, since this was just a new topic to my Grade 8 learners, I think, even 
though I give them chances, it might be just a challenge to them. 
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R:  Okay, why did you not establish learners current or their prior understanding of the science 
concept? 
T33:  Excuse me? 
R:  Okay, the question is, it seems you did not like establish, I think this question is more 
related to the previous one, why was there no indication in your lesson about what learners 
know and how can they use it in this lesson? 
T33:  Mhuu, this was a new a topic to them so there was not much to refer to what they already 
know 
R:  Okay, it seems during the demonstration you were the only one doing the demonstration, 
but why did you not place learners in groups. 
T33:  Yeah, I would like to place them in groups, only that I failed just to have enough materials 
for each group, so I see it no necessary then just for them to be in groups when they are 
not doing any group work. 
R:  Okay, okay, drawing closer to the end of our interview, can you think of other practical or 
practical activities where learners were more actively involved? 
T33:  During the lesson? 
R:  Yes, 
T33: Mhuu, may be last time when we were drawing the Bohr atomic structures, so they were 
more like the better ones were illustrating to each other how they should draw these 
structures on the board then from there I give chance to each of them and afterward, I 
even put them in pair, pairs, like for the learner who understand just to help out the ones 
that were struggling 
R:  Okay, our last question is, will learners be assessed for this demonstration? 
T33: Yeah, I am planning to assess them later once when we complete the three processes, 
cos I am still left with expansion and compressibility, so I am going it a one task 
assessment activity at the end of the other two 
R:  Maybe would you tell me how will you assess them? 
T33:  How will I, okay I will prepare an activity with a diagram illustrating how diffusion can take 
place like in the liquid, then there will be follow-up questions after that diagram just for 
instance to identify even the process been illustrated by the diagram and maybe to identify 
in which state again diffusion, the process they mention like previously is happening. 
R:  Thank you very much ma’am for your time. 
T33:  Welcome 
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R:  Bye 
 
Teacher 55 
 
R:  Good morning ma’am and thank you very much for participating in this research study? 
T55:  Good morning sir? 
R:  Okay, ma’am, I just have to interview you, rather asking you a few questions with regard 
to how I observed your lesson. So, the first question is what learning outcomes did you 
see for this lesson? 
T55:  Thank you very much, for the learning outcome I expected learners to be able to interpret 
the meaning of expansion and diffusion in solids, in liquids and in gases. 
R:  Okay, so what was the purpose of this demonstration that we just observed? 
T55:  The demonstration was for the learners to be able to make the difference between 
expansion in solids and the diffusion in liquids and gases, the one which are faster and 
the one which is slow. 
R:  Okay, thank you for that, so how did you see the role of the learners in this lesson? 
T55:  The role of the learners was to observe, they have also helped me with the handling of 
the apparatus and they were also responsible for answering some of the questions. 
R:  Okay moving from the learners, so how did you see your own role in this lesson? 
T55:  My own role was supposed to be, to facilitate but due to the resources that are not enough, 
I happen to be able to, I happen to be the one demonstrating the to the learners, so my 
role there was to demonstrate and to explain the terms to the learners. 
R:  Okay, according to the questionnaire that you completed, you rated one of the items that 
you begin the demonstration by asking learners to make a prediction on what will happen, 
and you say you do this for all demos, but, according to, contrary to what I observed 
learners were not given an opportunity of making a prediction, maybe would you explain 
to me why? 
T55:  I did not, I did not ask learners to predict because they are new in the phase, it’s the first 
time they are meeting this topic that’s why I thought it would be better if just explain the 
terms first than asking for their prior knowledge. 
R:  Maybe on the same aspect, why did you not establish learners current understanding of 
the science concept being demonstrated? 
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T55:  As I have said, these learners may not have the understanding of the topic, it’s the new 
phase, it’s the new topic, I think it was necessary for me to just do the demonstration. 
R:  Okay, where learners given a worksheet to complete? 
T55:  No, 
R:  Maybe would you explain to me why they were not given one. 
T55:  I did not give them a worksheet on that demonstration because I though, it would be better 
if I just design a worksheet later after I completed the demonstration, then they will be able 
to answer the questions. 
R:  Maybe would you tell me how did learners record the results of this demonstration? 
T55:  As I have said, I was going to assess them later, the record will be, the record will be done 
as they will answer the questions in the worksheet and I will assess them that’s how they 
will record, records. 
R:  Okay, thank you, can you think of other practical activities where learners were more 
actively involved, and maybe would you give examples for that. 
T55:  We had a practical activity on the scientific processes, where learners were, they were 
working in pairs and the two learners were supposed to estimate mass of the other and 
then weigh it on the scale. 
R:  Okay we moving closer to the end of our interview, will learners be assessed for this 
demonstration and if so, how? 
T55:  Yes, as I have said in the previous question. I am going to design a worksheet and I will 
record, I will assess the learners in the worksheet and I will record the marks. 
R:  Thank you very much ma’am we have come to the end of our interview. 
T55:  Thank you very much sir. 
R:  It’s my pleasure. 
 
Teacher 76 
 
R:  Good afternoon ma’am and thank you very much for participating in this study? 
T76:  Good afternoon Mr. Shivolo. 
R:  Okay, very fine. I just have a few questions that I have to ask to ask you with regard to our 
observation. The first question is, what learning outcomes did you see for this lesson? 
T76:  Okay, thank you very for the question Mr. Shivolo, the learning outcome that I saw for the 
lesson, since we tested two gases, carbon dioxide and hydrogen, whereby we got the 
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outcome, we test carbon dioxide with, we bubble carbon dioxide into limewater then the 
result was limewater turn milky, then the second test was testing of hydrogen whereby we 
produced hydrogen by reacting zinc with hydrochloric acid, then the test was bring the 
burning splint close to the test tube then the result the pop sound was produced. 
R:  Okay, so would you tell me what was the purpose of the demonstration? 
T76:  Okay, the purpose of the demonstration is for the teacher to affirm the science concept. 
R:  Okay, so the next question is, how did you see the role of the learners in the lesson? 
T76:  Okay, the role of the learners in the lesson it was to observe the experiment, they have to 
observe, and they have to answer questions, and also, they have to handle the apparatus 
since I called one learner to come and help in the demonstration, whereby he have to take 
the zinc and put it in hydrochloric acid, so it was for that learner now to handle the 
apparatus. 
R:  Okay, would you also tell me what you see your role is in this lesson. 
T76:  Okay, my role was to demonstrate the, to learners, give the demonstration to the learners 
and also to test the gases and also to get the results from that gases. 
R:  Okay, according to the questionnaire item, one of the item was that you begin the 
demonstration by asking learners to make predictions or hypothesis, would you tell me 
why were learners not given an opportunity of making a prediction or hypothesis before 
the demonstration? 
T76:  Okay, since that topic it was new to Grade 8, so I found out that it would be difficult for 
them to give because they were not taught before and I thought that it will just confuse 
them, that’s why I did not ask them to predict. 
R:  Would you tell, why did you during the lesson, tried to establish learners or current 
understanding of, you know their prior understanding of the science concept being 
demonstrated? 
T76: Okay, the purpose was just to know the prior knowledge and from there you are, I can find 
the way on how to help them so that at least they can understand the next topic, at least I 
have to ask so that I can find how do they understand the topic. 
R:  Okay moving on to the other item on the questionnaire that you rated that you do this for 
most demonstration. Why did you not place learners in groups as according to your 
response in the questionnaire? 
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T76:  Okay, that happen due to lack of materials since we don’t have materials at school and 
also to save time because it will not be easy to move group by group, so I did it just with 
the purpose of saving time and lack of materials, teaching materials. 
R:  Okay, we are drawing closer to the end of our interview. Can you think of other practical 
activities where learners were more actively involved, and would you give me an example 
for this? 
T76:  Okay, I can remember one of the practical activity that we did in class, it was about testing 
of acid and bases objects whereby learners brought different substance, some they 
brought food, some they brought bases and I have to provide them with litmus paper, then 
they did the testing and learners enjoyed the demonstration. 
R:  Okay, it was also evident during this observation that a worksheet was given to the 
learners at the end of the demonstration. Could you just tell me what was the purpose of 
the worksheet then and how will this, you know worksheet be consolidated? 
T76: Okay the purpose of giving learners worksheet is just to find out if the lesson have met the 
objectives cos, that one you can just get it when you assess learners and also by that for 
me to find out if the lesson objectives were met I have to mark the paper and give the 
feedback to the learners and if I find out that the lesson objectives were not met, I have to 
reset another demonstration. 
R:  Okay, ma’am, thank you very much we have come to the end of our interview. 
T76: Thank you very much sir. 
R:  Okay, my pleasure. 
 
Teacher 83 
 
R:  Okay good morning sir and thank you for participating in this research study. 
T83:  Good morning and welcome. 
R:  Okay, mhuu, I just have a few questions that I have to ask with regard to how you 
completed the questionnaire. The first question is what learning outcomes did you see for 
this lesson? 
T83:  Well, the learning outcomes or basic competencies so to say, I want to see that learners 
should be able to describe, the test and the results of various gases as per the syllabus 
stipulation. 
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R:  So, what was the purpose of the demonstration then? 
T83:  The purpose was to let learners acquire the concrete evidence of what is stipulated in the 
learning outcomes or in basic competencies. 
R:  Okay, thank you, so how did you see the roles of the learners in the lesson? 
T83:  Because this was the teacher-led demonstrations, learners act as observants throughout 
the lesson. 
R:  Okay thank you, so, oh, moving from the learners how did you see your own role in the 
lesson then? 
T83:  I acted more or less, the, the agent, that is being observed by the learners, I was carrying 
out the demonstration for learners to observe, meaning it was a teacher-led 
demonstration. 
R:  Okay, mhuu, according to one of the questionnaire item you indicated that you begin the 
demonstration by asking the learners to make a prediction on what will happen, and you 
indicated that you do this for most demonstrations, would you tell me, why were learners 
not given an opportunity of making a prediction or hypothesis before the demonstration. 
T83: Different factors, may be attributed to this, the first of these being that Grade 8 is a first 
grade in the junior secondary phase, eeh, second being Physical Science is the new 
subject to the learners from Grade 7, and thirdly, probably being that the topic is 
completely new to the learners. 
R:  Okay, I have seen through observation that you tried to establish learners’ current or prior 
understanding of the science concept being demonstrated, maybe, would you tell me why 
did you do this? 
T83: I wanted the learners to remember anything that they can from what they already know, 
because per learner-centred approach as concretised or as being emphasised in the 
curriculum, the teacher should from start from the known to the abstract or to the unknow, 
so by asking I tried to let learners remember what they know about that topic that is being, 
eeh, or that will be currently underway during the lesson 
R:  Okay, again, mhuu, I have seen that, you, you rated one of the item in the questionnaire 
that you do the demonstration to the group of learners, but why did you not place learners 
in groups in this demonstration? 
T83: Right, eeh, there are two things probably that are involved or that have make me to take 
such a decision, the first one being the time frame, during which I have to demonstrate 
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and second one being the limited resources, I cannot exhaust, one or some resources 
with one group and then start over, because resources are vastly inadequate. 
R:  Okay, we are now drawing closer to the end of the interview, apart from this demonstration 
that I just observed, can you think of other practical activities, where learners were more 
actively involved and, may be with examples. 
T83: Of course, eeh, eeh, there are many practical or there are many Chemistry practical, aah, 
demonstrations or observations or activities that learners might be involved. If the practical 
activity involves the use of locally available materials, then of course I can let learners do 
individual work. Say for example, we are doing the, we are trying to establish the difference 
physical and chemical change, we can use the fire woods which are readily available in 
the community whereby learners can try to break different woods into different sizes that 
denotes the physical change and they can also burn these woods and that denotes the 
new substance which is formed during chemical change. 
R:  Okay, the last question is, eeh, it was apparent during the observation that there was no 
assessment activity developed for this demonstration. Will learners be assessed for this 
demonstration, and if, and if so, how? 
T83: Of course, they will be assessed, but they will not be assessed during that first lesson. 
The reason being, there are, earlier on I stipulated the time frame during which the lesson 
have to run, aah, it’s not enough to give learners the practical activity worksheets, so I 
actually planned this lessons over two periods time frame, so meaning this was 
established as a prior demonstration, or prior knowledge demonstration, then the, the, the 
next one which will concretise then the first one, is when I will assess the learners. 
R:  Thank you very much sir to your responses to the questions and this is the end of our 
interview. 
T83:  My pleasure, thank you 
R:  Okay 
 
 
